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The aim of' this research is to develop solvent techniques
which will lead to more direct and rapid ways of analysing trace elements
in oil-base sampl:.
Analysis of trace elements in oil-base samples by atomic
absorption spectrophotovnetry usually requires an organic solvent which
will dissolve the sample and suitable organometallic standards which are
soluble in-the organic solvent. Organometallic standards are both expensive
and not readily available. We found that by using iso--butyric acid as a
solvent, simple inorganic standards cou? be incorporated into the solvent
which would enable successful determination of trace elements in oil samples
by' atomic absorption spectrometry. The recovery of trace elements including
zinc, iron and. copper in several lubricating oil samples were found to
agree with the results obtained by routine methods. Details of this work
is described in part I of this thesis
Part II of this thesis illustrates a method which enables chloride
ion in oil-base samples to be determined directly by spectrophotometric method
The chloride content in butter and margarine is usually determined by titration
of hot aqueous solution of the sample with silver nitrate. We found that the
usual aqueous mercuric thiocyanate method for chloride determination in aqueo
system can be modified to determine chloride ion directly in butter and
margarir, when n-butanol was used as a solvent for butter and Margarine 9
and absolute ethanol was used as a solvent for mercuric thiocyanate,
ferric alum and chloride standards. The procedure for the determination was
analogous to aoueous determination of chloride using the mercuric thiocyanate
2method. For the analysis of butter and margarine, the resu.L is oa calneu. oy
this methoc were in good agreement with routine analytical method 44
In Part III of this thesis, we propo8e a spectrophotoinetri.c
method for the direct determination of iron in edible oils. We found that
using 1410-phenanthroline as the chelating agent, hydroquinone as the
reducing agent, iron caprate as the standard and propionic acid as the
solvent for these reagents, the iron present in thr. oil sample was able
to form complex with 1 ,10 -phenanthroline, which showed strong absorption
at14 nm in this solvent system. The molar absorptivity for the complex
and the liand to iron (II) raticwas found. to be
was found to be 3:1. Most foreign ions present at concentration equal to ten
times that of the iron concentration could be tolerated. The results obtained
for the analysis of oil samples were in agreement with results obtained by
spectrophotometric determination of iron of the dry-.-shed sample using
the same reaction.
In Part IV of this thseis, we illustrate a very simple
spectrophotometric method for the determination of copper in edible oils
We found that i.sing sodium diethyldithiocarbamate as a photometric reagent 4
copper caprate as the copper standard, and propionic acid
as the,,solvent for these reagents, copper was able to form complex with
+hP photometric reagent and-the complex absorbed strongly at 432 um. The
molar absorptivity for the complex was found to be
Most foreign ions present at concentrations five times that of copper
did not interfere. The results obtained for the analysis of synthetic oil
samples were found to be satisfactory.
3GENERL INTRODUCTION
Analysis of trace elements in petroleum products is of paramount
importance as this is a measure of cont4mination, corrosion and the
natural environment of the product (1). It is also a device for quality
control. Different amounts of trace elements present in petroleum products
may impart a significant difference in the quality of the product-, Analysis
of wear metals in lubricating oil samples are equally important as this is
essential for the prevention of major breakdown on the diesel engines. At
present, atomic absorption spectrometry is 'probably the most widely
ee method in the analysis of trace metals in petroleum products (2,3)
Before mid 1960's analysis of trace metals by atomic absorption
spectrometry was mostly done with pretreatment of oil samples by dry ashing
or wet digestion. After 1965,-, determinations are carried out with oil
samples directly administrated into the flame after they have been diluted
with the appropriate organic solvents (2,3,..') i This is indeed a big step
forward as this eliminates the tedious steps in dry ashing or viet digestion
However, associated with this direct procedure is that organometallic
standards have to used, as simple inorganic standards are insoluble in the
organic phase Recently, various techniques have been proposed for the
use of inorganic standards-in the direct determination of metal content in
oils. Inorganic standards have the advantage over organometalli-c standards
in that they are cheap and easily available, moreover, they are closer
in nature to the existing ions in the oil-base samples. The first part of this
thesis will be devoted to the evaluation of a solvent system which enables
the use of simple inorganic standards in direct atomic absorption
4spectrophotometric analysis of trace elements in petroleum products
Relevant work done by other workers will also be described.
We used conventional atomic absorption spectrophotometric methods
throughout our research. The method is based on the atomisation of the
elements to be analysed in a flame and the measurement of absorption of
radiation from an external source by these ground state atoms at a certain
wavelength. For flaines of temperature below 30W K which are usually
used in atomic absorption spectrophotometry, the number of excited atoms
is negligibly small when compared to the number of ground state atoms
by an equation analogous to the Lambert-Beer's law:
(1
intensity of incident radiation a w velengthwhere
absorption coefficient atk
concentration of the absorbing atomsC
1 length of absorption pain
thus:
3bs orbance (2)
where k' is a proportionality constant equal to k/2.303. Hence, the
absorbance is directly proportional to the concentration of absorbing atoms
for a given absorption path length at a given wavelength. In the practical
application of atomic absorption spectrophotometry, it is necessary to
compare the absorbance of known standards with that of the sample and
simply calculate or plot the results graphically to obtain the
concentration of the sample.
Therefore, the intensity of. the transmitted radiation it can be described
5The arrangement of the components of the analytical system of
the instruments is shown in Fig.1. Usually, hollow cathode lamps made
from the metal of the element to be determined are used as sharp line
sources. A flame is used as the sample-dispersing system. Sample solution
is drawn up through a nebuliser-burner system and atomises in the flame
PhotographicSource of known
emulsion orPrism gratingAtomic
emission photoGubo andvapour filter
amplifiercharacteristics
DetectorMonochroinatorSampleSource
Fig. 1. Block diagram of atomic absorption spectrophotometry
The remaining parts of the thesis are devoted to the evaluation
of methods for the direct determination of trace elements in oil-base samples
by spectrophotometric method.. In the paragraph below, we illustrate very
briefly the underlying principle of spectrcphotometric measurement (5,6)
When radiation is incident on e. certain substance and if the
frequency of the radiation is.the same as the energy required to raise the
substance from its ground state to the allowed higher energy level,
absorption will occur. Hence, the absorption of light ray at a particular
wavelength is proportional to the number of species of the absorbing
substance and this is formulated by Lambert-Beer's law or simply Beer's law
Beer's law states that when a beam of parallel monochromatic
radiation travelling a solution contained in a cell of thickness b, the
rate of decrease of the incident radiant.power P is given by the following
relation:
(3)
6where P is the incident radiant power, P is the radiant power alter
0
transmitted through thickness b, c is the concentration of the
solution and k is the soprtionality constant which is dependent on
wavelength, solvent and temperature
Formula (3) may be written as
(4
taking the logarithm of both sides giveswhere
(5)
is called the absorbance and is given theThe term
symbol A. The term a is called absorptivity. If c is expressed in moles
of absorber per liter and b is given in centimeter s then a is called the
molar absorptivity and is sometimes written as
From (5) we know that a plot of absorbance versus molar
concentration will give a straight line passing through the origin.
However, deviation from the direct .ropordn :1ity between measured absorbance
and concentration are frequently encountered which may be due to instrumental
limitation, chemical interaction of the colour species with other species
present in the system or due to change in refractive index of the colour
solution at high concentration.
A spectrophotometer usually has the following basic components
which are shown schematically in Fig. 2.
Read outDectetorSamp1eMonocnromatorSource
Fig. 2 Block diagram showing components of a single beam
spectrophotometer
7Determination of trace elements in oil-base samples by
spectrophotometry usually requires prior treatment of the samples and
colour develcpments of metals with the appropriate chelating agents are
carried out in the aqueous phase. The pretreatment of oil-base samples
can be done either bydr ashing or wet digestion
Generally, in dry ashing technique, 2-10 grams of samples are
placed in a platinum or silica crucible, dried in-an oven or over a
Bunsen burner and asked in a muffle, using atmospheric oxygen to destroy
the organic part of the sample. The resulting ash is then dissolved in
dilute hydrochloric or nitric acid for analysis by spectrophotometric
or other methods. Various ashin.g temperatures have been suggested,
ranging from 4000C to 800 °C for various elements in various samples
Gorsuch (7`8) suggested that 500-5-90'C is generally suitable. The
necessary treatment time may be as long as 16 hours for some samples or
as little as 3 hours. There are many variations on the basic dry-ashing
technique and comparison of the results is often difficult (9910,11,12,13).
However, dry asking is suitable as sample preparation for subsequent
determination of all major elements( sodium, potassium, calcium and-
magnesium) and many trace elements( zinc, cobalt, chromium, molybdenuL
stronium, barium, iron).
Wet-aching or digestion methods are also used extensively for
oil and biological samples. Various digestion mixtures have been suggested
but as yet there is no single mixture available which conveniently destroys
all samples with complete recovery of all trace metals. Methods involving
combinations of nitric, sulphuric and perchioric acids were extensively
studied by Gorsuch (7,8), who also compared them with dry asking procedures.
8He concluded that nitric-perchlbric acid mixtures (3 lil, 2) gave good
recovery for lead, zinc, selenium, arsenic, copper, cobalt, silver
cadmium, antimony chromium, molybdenum, stror inm and iron determination)
in most samples. Nitric-perchlori c acid mixture is frequently used for
food analysis, however digestion of oils or fatty compounds is better
done with sulphuric acid, nitric acid and perchlor°ic acid mixtures so that
digestion temperature can be raised to. increase the,speed and thus lead
to more effective oxidation of the last trace of organic matter. Various
device have been proposed for wet-asking technique in order to minimise
the time required or to get more reliable results (14,15,16,17), but
most of these methods are still not commonly used
In general, dry-ashing is simple, needs no reagent and is
easy to use for large samples, but it is a slow process and losses
resulting from volatilisation, foaming of samples, or retention in
crucible walls are common. Wet digestion on the other hand, involves
a totally liquid system so that losses are reduced and is generally',
faster than dry ashing, but it requires large quantities of pure reagents 4
needs more operator attention and is limited to sample below 10 grams
Bearing in mind the tedious procedure that ashing will impart on
routine analysis, we aim at devising direct spectrophotonletric methods
for the determination of trace elements in oil-base samples. Parts II,
III and IV of this thesis will be devoted to the evaluation of methods
for the direct determination of chloride, iron and copper in oil-base
samples, and the relevant works that have been done by other workers
will be cited where appropriate
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ISO - BUTYRIC ACID AS A SOLVENT
11
INTRODUCTION
Determination of trace elements in lubricating oils by flame
atomic absorption spectrophotometry (FAAS) has long been under practice
and is probably the most common method in current use. The usual procedure
requires suitable organometallic compounds such as metal butyrates or metal
caprates (1) to be soluble metal standards in the organic phase... Since
organometallic standards are expensive and not easily available, the use
of easily available inorganic standards as an alternative has come to the
mind of some analytical chemists. Attempts have been made to incorporate
the common inorganic salts as metal standards into the oil soluble phase
by suitable mixture of solvents (2,3). However, these solvent, techniques
are somewhat specific for certain salts, they need more than two liquid
components to make the solvent systems and the solubility of lubricating
oils in the solvent mixtures is al so rather low and hence the method may
not possibly be able to determine elements at trace levels
The use of stream corabinator to mechanically combine the aqueous
portion containing the inorganic metal standard to the organic _phase.. into
the flame by virtue of a sidearm adjoined to the atomizer has also been
proposed (4), but the device requires suitable: n o .ificati on of the
burner head before the determination can be carried out it also needs
strict control of liquid uptake rates in both arms
Kabanova, M.A. etal. (5) have tried a number of acids and proposed
that inorganic salts can be incorporated into propionic acid as metal
standards for the determination of metal contents in lubricating oils
According to. our observation, the solubility of lubricating oils in propionic
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acid is limited and we found that a gelatinous layer appeared when the
propionic acid oil mixture was allowed to stand for one _±d two hours. This
means that the' lubricating oil is miscible rather than soluble in propionic
acid and, a nonhomogeneous liquid would give unsteady signal
We have found that iso-butyric acid is a good solvent for
both commmon lubricating oils and aqueous standards, thexfore, iso-butyric
acid is proposed as a simple solvent system for the use of common inorganic
salts as standard for the determination of metals in lubricating oils
Our work is divided in two parts. In the first part, we
carried out tests on our solvent system and applied our method to analyse
synthetic unknown oil samples. In the second part, we applied our method
to analyse some real unknown oil samples for metals and the results were
compared with those obtained by a currently used analytical method:.-.
The subsequent analysis of metal contents in lubricating oils would




A Techron Model AA4 atomic absorption spectropnotometer was uSeu
for all atomic absorption measurements. The burner was a 10-cm stainless
steel one with a single slit width of 0.020 in( Model' AB 41, supplied by
Varian Techtron Pty Ltd.), which is suitable for both air-coal gas and
air-acetylene mixtures. Varian-Techtron hollow cathode lamps were used in
this work..
The air floirates were meas urea wiln r lowme c,er moaei ova i b ui
the Metheson Gas Products Company
2. Reagents
All reagents used were of analytical-reagent grade. Iso-butyric
acid was redistilled before use
3. Procedure
The instrument zero was set continuously between samples with a
solution of the same composition as the samples but containing no iron,
unless otherwise specified. The absorbance of the standard and unknown
solutions were then measured, and care was taken to shake each solution.
thoroughly immediately before measurement. For each measurement at least
four or five.readings were recorded and averaged
4.1 Soibility of Aqueous Solution in Iso-butyric Acid
Common lubricating oils are soluble in iso-butyric acid in any
proportion. A mixture of lubricating oil with iso-butyric acid will give
a homogeneous transparent solution which does not change physically even on
14
prolonged standing. However 4 the solubility of an aqueous solution in
iso-butyric acid depends heavily on the hydroniurn ion concentration of
the aqueous solution. Table 1 lists the variation: in so lubility of an
aqueous solution in iso-butyric acid at different hydron vuru ion concentration
Here two solutions are said to be soluble in each other if a rixture of
them does not give milky layers or visible liquid droplets after strong
shaking
Table 1
Solubility of aqueous solutions in iso-butyric acid at various hydronium
ion concentration. Volume of iso-butyric acid used was 10 ml
Hyd.ronium ion conc.
Vol. ofa. sol. dissolved (ml)
in aqueous prase 00









By virtues of the above observation, the acidity of the aqueous
standards used in the preliminary test were suitably adjusted so as to make
it soluble in the iso-butyric acid used. The various solutions were preparea
in the following manner.
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4.2 Analysis of Synthetic Unknown Oil Samples for Iron Content
Iron was chosen as the element for this study because it is a
commonly encountered element Iron caprate was used to prepare the synthetic
unknown samples and it *as prepared according to Hearn, Mostyn and Bedford (1)
The above authors reported that the iron content in, their caprate to be
9.82%. In the present work, however, the exact iron content was not
important as both the unknown samples and the aqueou standards were prepared
from the same batch of iron caprate
(a) Iron standard
Ferric caprate prepar:d and. analysed according tp Hearn etal (1)
was used as the standard. The iron content in the caprate was found to be
9.82
(b) Preparation of, aqueous stock solution
Exactly 0.5092 g of iron caprate was weighed in a 50-ml conical.
flask, and 3 ml of concentrated hydrochloric acid was added followed by
1.5 ml of distilled water. The flask was warmed gently over a hot plate
until the caprate was dissolved. The solution was then air cooled. The
capric acid that separated was filtered off. The filtrate was made up to 50 m.l
in a volumetric flask with prior adjustment of the hydronium ion concentration
to 0.1 M by using sodium hydroxide o At the above, acidity no hydrolysis
of the ferric ion vas observed. The final made up solution was 10001ug/ml
in iron.
(c) Blank preparation
An aqueous blank was prepared by neutralising 3 ml of cancentrated
hydrochloric acid with 10 M sodium hydroxide solution and the final
16
solution when: 1.uted to 50 ml was 0.1 M in hydronium ion concentration
(d) Standard solution for calibration curve
Each of the standard solutions was prepared by adding 0.75 rul of
the iron standard prepared by appropriate diluting of the stock solution
with the aqueous blank to the desired concenti.-ation, 2.4 g of iron free
oil was added and the solution was made up to 50 ml with iso-butyric ,,acid
A calibration blank was prepared by adding 0.75 ml of the aqueous blank
instead of the iron standard
(e) Preparation of unknown
Exactly the same iron-free motor cil that was used above was used
here. The unknown samples were prepared by dissolving known amounts of
ferric caprate in the motor oil by slight warming to about 70` C in a water
bath. Each of the unkno-an.- ,s olutions was prepared by adding 2.4 g of iron
containing oil to a 50-m1 volumetric flask, 0.75 ml of aqueous blank
was added and the solution was diluted to the mark with iso-butyric acid
4.3 Effect of Oil Concentration on Absorption
For the purpose of studying the effect of oil on the absorption
signals of the metal ions present in oil dissolved in the proposed solvent
system, a series of solutions were prepared to contain 4.0, g/ml of iron
but different amounts of oil.
4.4 Experimental Conditions for the Determination of Iron in the above
Samples
Lamp current: 10 mA
Slit width: 25 microns
Wavelength: 2483 A
Air flow rate.: 20 1/min( 13 lb/sq in on meter)
Acetylene flow rate: 0.75 1/min( 1.8 unit on meter
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5. Determination of the Metal Content in Lubricating Oils
5.1 Determination of Zinc in Lubricating Oils by, Atomic Absorption
Spectroscopy
(A) Determination with Prior Dry Ashing
(a) Standard zinc solution
One liter of the zinc stock solution (1000 ug/ml) was prepared
by dissolving 4.3988 g of zinc sulphate heptahydrate (E.bMerck's Reagent, A.R.,
in 0.3 M hydrochloric acid. Standard solution of 0.5, 1.0, 1.5, 2.0
2.5 and 3.0 ig/ml were prepared by appropriate dilution of the stock
solution with 0.3 M hydrochloric acid
(b) Preparation of sample solution
About 0.5 g of the lubricating oil to be analysed was weighed
accurately in a crucible. The sample was then ashen in a furance at 5500C
for six hours. After the crucible had cooled down to room temperature, the
ash was transferred into a -M-ml volumetric flask with 10 ml of 3 M
hydrochloric acid and then diluted to the mark with distilled water
(B) Direct Determination of Zinc in Lubricating Oils Using Aqueous
Standards and Iso-butyric Acid as Solvent
(a) Standard zinc solution
Standard solution containing 500 ,ug/ml of zinc was prepared by
diluting the zinc stock solution prepared in (A) above with 0.3 M hydrochloric
acid.
.(b) Standard zinc solution for calibration
Zero, 0.1, 0.2, 0.3, 0.4 and 0.5 ml of the 500,ug/ml zinc
standard solution were added .:respectively to six 50-m1 volumetric flasks
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by a graduated 1-nil pipette. The actual amount of zinc standard added to
each flask was evaluated by -noting the increase in weight of the flask
Iso-butyric acid (49o5 ml) was then added to each flask and finally each
solution was diluted to the mark with 0.3 14 hydrochloric acid
(c) Preparation of sample solution
i About 0.15 g of lubricating oil was neighed accurately in a
50-ml volumetric flask, and diluted to the mark with iso-butyric acid
In the above preparation, we have assumed that the viscosities
of the butyric acid was unchanged w ith the small quantity of oil in it. (8)
(C) Experimental Conditions for the Determination of Zinc( same for both
methods except the air flow rate)
Lamp current: 6 n,A
Slit-width: 300 microns
Wavelength: 2139 A
Acetylene floe rate: 0.76..1/min.( 1.8 unit on meter)
Air flow rate: for method A (i.e. dry aching), 19 -.1/min( 12 ib/sq. in on mete
for method B (i.e. direct determination ) ,
23 1/min (18 ib/sq. in on meter)
N.B. The burner head was rotated such that it made an angle of about
456 with the optical axis
5.2 Determination of Iron as Wear Metal in Used Lubricating Oils
(A) Direct Determination by the Method of Standard Addition Using
. Organometallic Standard and Methyl Isobutyl Ketone as Solvent (6,7)
(a) Iron standard
Ferric caprate prepared and analysed according to Hearn etal (1)
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was used as the standard. The iron content in the caprate was found to
be 9.82%.
(b) Standard iron solution
Ferric caprate (2.8537 g) was dissolved in 500 ml of methyl
isobutyl ketone (:1,13:BK) and this solution contained 560.47 ug/ml
of iron. A 1-1-1759 yg/ml solution of iron was prepared by diluting
the above standard fifty times with MIBK
(c) Preparation of sample solutions
About 100 C. of the oil to be determired was weighed accurately
and was then diluted to 500 ml with MIBK in a volumetric flask. Ten ml
of this oil solution was added separately to each of the six 50-ml volumetric
flasks. Zero, 2.0, 5.0, 10.0, 15.0 and 20.0 ml of the 11.1759 ug/ml
iron solution prepared above ere addedto the flasks and the solutions-..
were diluted to the 50 ml mark with MIBK. The reagent blank for setting
zero in this analysis was prepared by diluting 2 g of iron-free oil
with MIBK to 50 ml.
(B) Direct Determination of Iron as Wear Metal in Used Lubricating Oils
by the Method of Standard Addition Using Inorganic Salts as Standard
and Iso-butyric Acid as Solvent
(a) Standard iron solution
A 500,ug/ml standard iron solution was prepared by dissolving
2.1585 g of ferric ammonium sulphate( NH4Fe (S04 )2.12H20) (E.Merck, G.R,)
with 1 M hydrochloric acid and diluting it to 500 ml in a volumetric flask
with the same acid
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(b) Oil solution for analysis
A 20% (w/v) solution of the lubricating oil to be analysed was
prepared by diluting 100.0 g of the oil with iso-butyric acid to 500 ml
in a volumetric flask
(c) Preparation of sample solutions
Quantities of the standard iron solution. (500 )ag/ml) ranging
from 0.0 to 0.5 g was added by weighing to a series of six 50-4nl volumetric
flasks each containing 10.0 ml of the 20% (w/v) oil solution and 39.5 Ml
of iso-butyric acid. The solutions. were diluted to the mark with the
appropriate amounts of 1 M hydrochloric acid'
(C) Experimental Conditions for the Determination of Iron( same for both
methods except the acetylene flci rate)
Lamp current: 9 mA
Slit width: 25 microns
Wavelength: 2483 A
Acetylene flow rate: for method A, 0.5 1/min( 1.4-unit on meter)
for method B 0.7 1/rein unit on meter)
Air flow rate: 24 1/min( 19 lb/sq.in on meter)
5.3 Determination of Copper as Wear Metal in Used Lubricating Oils
•(A) Direct Determination by the Method of Standard Addition Using
Organometallic Standard and Xylene as Solvent
(a) Copper standard
Copper caprate prepared and analysed according to Hearn etal k i)
was used as the standard. The copper content of the caprate was found to be
15.63+ 0.02%
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(b) Standard copper solution
Copper caprate (1-590.5 g) was dissolved in xylene and diluted to
500 ml in a volumetric flask with the same solvent. The solution wntained
500 ,ug/ml in copper. A 50 U9/ml solution of copper in xylene was prepared
by diluting the above solution with xylene
(c) Solution of lubricating oil in xylene
A 20% .(w/v) solution of the lubricating oil to be analysed
was prepared by diluting 100.00 g of the oil with xylene to 500 ml in
a volumetric flask
(d) Preparation of sample solution
To each of a series of six 50-ml volumetric flasks, 10.0 ml
of the 20% (c /v) solution of lubricating oil in xylene were added
Zero, 1.0, 2.0, 3.0, 4.0 and 5.0 ml of the 50 ,ug/ml solution of
copper in xylene were added to each of the flasks respectively, and
the solutions were then diluted to the mark with pure xylene.
(B) Direct Determination by the Method of Standard Addition Using Simple
Inorganic Salt as Standards and Iso-butyric Acid as Solvent
(a) Standard copper solution
A 1000 dug/ml solution of copper in water was prepared by
dissolving 1.9647 g of copper sulphate pentahydrate in distilled water
and then diluting to 500 ml in a volumetric flask with the same solvent
(b) Soltuion of lubricating oil in iso-butyric acid
About 100 g of the oil to be analysed was weighed accurately
and tranferred to a 500-m1 volumetric flask and the solution was diluted
to the mark with iso-butyric acid
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(c) Preparation of sample solutions
To each of a series of six 50--ml volumetric flasks each containing
10.0 ml of the lubricating oil solution in iso-butyric acid were added
0.: to 0.5 g of the 1000 ug/ml aqueous copper standard. The actual amount
of the standard added was determined accurately by weighing. Iso-butyric
acid (39.5 ml) was added to each of the solutions, which were then made
up to.. the mark with the appropriate amount of distilled water.
(C) Experimental Conditions for Copper Deter:iination( same for both methods
except the acetylene flow rate)
Lamp current: 6 mA
Slit width: 50 microns
Wavelength: 3247 A
Acetylene flow rate: for method A, 0.36 1/min( 1 unit on meter)
for method B, 0.8 1/min( 2 unit on meter)
Air flow rate: 18 1/min( 11 lb/sq.in on meter)
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RESULTS AND DISCUSSIONS
Analysis of Synthetic Unknown Oil Samples for Iron Content
An iron free lubricating oil( Oil 1: Super motor oil, a
superior *raultiviscosity oil produced by Mobil Oil Company) was used in this
analysis. Table 2 shoes the absorbance 'readings obatined for a series of
the lubricating oil solutions in iso-butyric acid containing different amounts
of iron and Fig. 1 is a plot of the absorbance readir:g- against the iron
concentration in fag/ml
Table 2
Absorbance of lubricating oil solutions in iso-butyric acid containing
different amounts of iron c
















Fig 1 Calibration curve for iron.in iso-butyric acid
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for each solution 0 Volume of aqueous(a) 011 content was 4.8%
standard was 0.75 ml in a total- volume of 50 mml solution. The solutions
were shakeno ensure hoogenuity befog measurement.
(b) The absorbance value was the average of four readings, and the reagent
blank was' used to set zero absorbance
It can be seen from Fig .Z that a lirieat, relationship exists between
absorbance and concention up to 6 ug/ml of iron in solutions of this moior
oil in iso-butric acid







Results obtained from the analysis of synthetic unknown samples
prepared by adding known amounts of iron eaprate to the same iron free
motor oil f using the above calibration curve, are shaln Table 3
Table 3
Analysis of synthetic unknown lubricat4.ng oil samples for iron using
aqueous standards (c)
RelaieAbsorbance (d) Fe found R*S#DcFe addedSample
Deviatioas caprate in oil (g)






1.4- 2.80.195 3.486 3.58
1030.00.242 4.314.307
1.20.00.301 5.358 5.33
(c) Each unknovin sample contained 0.75 ml of aqueous blank and 2.4 g of oil
containing iron caprate, and was made up to 50 ml with iso-butyric acid
(d) Absorbance is the average of five readings.
(e).S.D. is the relative standard deviation of five absorbance readings
In the above columns, the deviation is an indication of the
possible errors that might arise in the analysis, vrhilst the relative:
standard deviation is an indication of the steadiness of the absorbance
signal and the background noise. Out of the eight samples, the maximum
relative deviation observed was only 3.9%, and the maximum deviation




deviation is acceptable in routine analysi i. Another point is that error
calculation above is based on a relatively small denominator. Furthermore
the maximum iron concentration in, our synthetic unknowns w va.s only about
5 ug/ml, therefore for samples with higher lion concentrations, errors
of less than 4% could be expected
The relative standard deviation for samplel was 5.2 i which can
be attributed to the small amount of iron in the sample, and when the iron
content of the sample above increased, the relative standard deviation
values decreased as well. The above trend also indicate a roughly constant
background noise during our analysis
In order to show that the above solvent system works for different
lubricating oils we repeated the above -analysis for another iron free
lubricating oil( Oil 2: motor oil, heavy duty, a single viscosity
premium motor oil with detergent produced by 114obil Oil Company). The results
for the analysis of the synthetic unknowns are shown in gable 5, where
the data necessary to construct the calibration curve (Fig. 2) are
shown in Table 4
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Fig. 2 Calibration curve for iron in iso-butyric acid
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Table 4
Absorbance of lubricating oil solution in iso-butyric acid containing
ifferent amounts of iron (f)














(f) Oil content was 4.8% w/v for each solution. Volume of aqueous standard
was 0.75 ml in a total volume of 50 ml solution. The solutions were
shaken to ensure homogenuity before measurement.
(g)The absorbace value was the average of four readings ,mod the reagent
blank was used to set zero absorbance
From Fig. 2 it can be seen that linear relationship exists
up to about 7 jig/m1 of iron for this second motor oil.
(ug/ml)
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Results obtained for the analysis of the synthetic unknown
samples prepared by adding known amounts of iron caprate to this iron-free
motor oil 2, using the above calibration curse, are shown in Table 5.
Table 5
Analysis of synthetic unknown lubricating oil samples for iron using
aqueous standard (h)
R.S.DFe found, Relative R.S.D.AbsorbanceFe addedSample




1.3 3.30.206 3.154 3.11
0.61.60.257 3.943.885












The results obtained for motor oil 2 are in reality very similar
to the case of oil 1, both in the trend of relative standard deviation
and in the percentage deviation of the observed iron concentration from
the added iron concentration. This implies that the solvent System can
be applied not just to a particular lubricating oil. In both cases
the linear relationship exists down to zero concentration, therefore
analysis can also be done by the method of standard addition
The correlation coefficient are 0.9998 and 0.9999 for the
calibration curves for motor oil 1 (0-6 pug/ml of iron) and motor oil 2
(0-7 ,,ug/ml of iron) respectively, and these figures are significant
as they imply very reliable calibration curves can be obtained from the
proposed solvent system
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Effect of Oil Concentration on Absorption
The signal intensity in flame atomic absorption spectrometry-.
(FAAS) is directly proportional to the amount of sample available in the
flame. Thus the absorbance of fluid samples is closely related to the
uptake rate of the sample fluid and this in turn is related to the viscosity
of the sample fluid under consideration. In the present analysis, it is
therefore speculated that a change in oil concentration in the sample
solution would affect its absorbance o Aesuits obtained which are displayefi
in Table 6 and 7, and shown graphically in Fig 3, indicate that change
do occur when oil content of the system changes
Table 6
Absorption of iron (4.O ug/ml) in solutions of lubricating oil 1 in















Absorption of iron (4.0 pg/ml) in solutions of lubricating oil 2 in
iso-butric acid containing different amounts of oil (i)










(i) Each oil soultion contained 0.75 ml of aqueous standard and was made
up to 50 ml with iso-butyric acid in a volumetric flask
(j) Absorbance being the average of four readings
The results obtained in Table 6 and. 7 are to be expected as
an increase in oil content of the solvent system would increase the viscosity
of-the sample solution and hence result in a decrease in its uptake rate.
The slight increase in absorbance with increase of oil concentration of less
than 1% is possibly due to the slight enhancement of the metal absorption
caused by a small amount of oil sample present. For higher oil concentration
of oil 1 and in the case of oil 2, it is apparent that viscosity is the




F ig . 3 A bsorbanceof iron ( 4 - 0 ) . 4 , g / ml ) in iso - butyricacid containingdifferentl ` v 9 roance





for the above two oils is not very marked , for example, in T able 7 , an
increase in oil concentrationfr m 5 to 1 0 % only results in decrease in
the absorbanceby about 0 . 0 3 . T his means that we can use a relativelylarge
quantity of oil for analysis without significantly decreasing the absorbance
T his is particularilyimportant in the determinationof trace metals in oii
samples , and since excessive dilution is not necessary, , more - reliable
results are likely to be obtained .
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D eterminationof M etal C ontents in L ubricatingO ils
I n order to show that the proposed solvent system is applicable
to the determinationof metal contents in lubricating oils both in the form
of organometallicadditives end in the forra of wear metals , three elements ,
namely , zinc , iron and copper in oil samples were analysed by the proposed
method as well as by the currently used methods , and the results obtained
were compared
D eterminationof Z inc in L ubricatingO ils
Z inc is usually contained in the additives to lubricating oils
A lthough a number of techniqueshave been reported for the analysis of wear
metalsin used lubricatingoils ( 6 , 7 , 9 , 1 0 , 1 1 ) , relativelylittle has been
published concerning the use of atomic absorption B pectrophotometryfor
the analysis of additives in lubricating oils
I n the present work , we initially tried to determinezinc
contents in lubricating oils using zinc caprate ( 1 ) as the organometaliic
standard and using MIBK or xylene as the solvent . H owever , zinc caprate
was only slightly soluble in xylene and I v ' , IBK , standardsolutionsof zinc
caprate in xylene and MIBK could not be prepared to the desired degree of
accuracy . T herefore , zinc contents in the lubricatingoils were
initially determined by atomic absorption analysis of the ashed oil samples
T he optimum conditionsfor the determinationof zinc using the T echtron AA 4
atomic absorption spectrophotometerwere found to be the same as those
suggestedby the I nstruction M anual of the instrument
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Z inc content of two lubricating oil samples were determined by
this method. O il A ( S hell oil no . 3 0 , used oil ) and O il B ( S uper motoroil ,
a superior multiviscosityil producedby M obil O il C ompany , unused oil )
T he calibration curve was prepared from six aqueous zinc
standard solutionswith zinc concentrationin the range from 0 . 5 ug / ml to
3 . 0 ug / ml . F ig . 4 showsa plot of the calibrationcurve . L inear least
aquare fit of the six point calibration curve gives
A bsorbance= 0 . 0 0 0 8 + 0 . 1 5 1 [ Z n ]
S tandardeviationof slope = 0 . 0 0 3 7
S tandarddeviationf intercept= 0 . 0 0 7 2
C orrelationcoefficient= 0 . 9 9 8 8
R esults obtained for O il A and B using the above calibration
curve are shown in T able 8 .
T able 8
A nalysis of lubricating oil samples for zinc using conventionalAA method
on asked oil samples
M ean ( ppm)Z inc C oncentratior. ( ppm ( aO il sample
T rial 2T rial 1
31443 3 3A 3 3 4
1 0 1 01 0 2 0 1 0 1 5B
( a ) T he measuredsolutionwas in , ug / ml of metal concentration, the
oil content was measuredin w / v % , so the final zinc concentrationin the
original oil sample should be in ppm rather than in , ug / ml .
O il A and B above were also determinedfor zinc contents by our
proposed direct method using iso - butyric as a solvent and using the same
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inorganic standard as above . S ince the zinc contents in lubricating
oils are usuallyin the order of 0 . 0 2 to 0 . 2 % ( 8 ) , an oil - concentration
of 0 . 1 to 0 . 2 w / v in iso - butyricacid would be sufficientfor the
analysis . T he calibration curve was prepared from solutions each
containing4 9 , , 5 ml of iso - butyricacid with 0 . 5 ml of aqueoustandard
in a totol volume of 5 0 ml . T he unknownsampleswere preparedby
diluting0 . 1 5 g of oil to 5 0 ml with iso - butyricacid . I t was assumedthat
the viscosity of the standard solutio e were the same as those of the
unknown solutions , and this assumption is justified since the small
quantities of aqueous standards or oil would most unlikely alter the viscosit Z
of iso - butyricacid . A similaras stimptionwas made by G . E . P etersonetal ( 8 ) .
A calibrationcurve for the iso - butyric acid system wig th six
differentzinc concentratior from 0 . 6 ) . g / ml to o , , ug / ml is shownin
F ig - 5 . L inear least square fit of the six point calibrationcurve gives
0 . 0 6 30 . 0 8 4A bsorbance
0 . 0 0 2 1S tandard deviation of slope
0 . 0 0 6 4S tandard deviation of intercept
0 . 9 9 7 9C orrelation coefficient
R esults obtainedfor O il A and O il B using the above calibration
curve are shown in T able 9 .
T able 9
A nalysis of lubricatingoil . samples for zinc content by AAS using iso -
butyric acid as a solvent
M ean ( ppmZ inc concentration( PP m )O il sample
T rial 2T rial 1
3 4 43 4 1A 3 4 7
9 7 0B 9 6 69 6 5
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Fig. 5 Calibration curve for the determination of
zinc in lubricating oils using aqueous











It can be seen from Table 8 and Table 9 that the two methods
gave results that were in good agreement with each other, the maximum
deviation being less than 5%. A. study of the two calibration curves
obtained above would at first sight reveal that the slope obtained for the
iso-butyric acid system was less than that for the aqueous system, and
this, however, is not the case o. What happened was that for the iso-butyric
acid system.it was necessary to rotate the burner head such that it made
an angle of about 45` with the optical axis so as to make the standards
prepared to give reasonable absorbance value. Hence the absorbance values
shown above are only relative, and do not reflect the sensitivity of
the solvent system proposed. In the two methods used above, distilled
water was used to set zero absorbance value and this accounts for the
slighly higher intercept for the calibration curve in the case of the
iso-butyric acid system. Since we did not determine zinc by the method of
standard addition, we chose distilled water., which is essentially zinc
free and can be easily handled, as the reagent blank to set the instrument
zero.
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Determination of Iron as Wear Metal in a- Used Lubricating Oil
In this determination, the iron content in a used lubricating
oil (Oil A :.shell oil no. 30) was determined by a routine method first:
by the method 'of standard addition using methyl iso-butyl ketone (M4IBK)
as solvent and iron caprate as an organometallic standard. Two determinations
with different amounts of oil were performed and the two calibration
curves obtained are shown in Fig. 6. The calibration curves were plotted
by linear least square fit of the values obtaind and the results for the
analysis are shown in Table 10.
Table 10
Results obtained for the determination of iron (wear metal) in Oil A by













9.24Iron found (ppm) 9.25
In the above, different oil contents were used for the two trials
so as to ensure that the calibration curves were linear down to zero iron




Fig. 6.Calibration curves for the determination of iron
in lubricating oil using ferric caprate as standard
Absorbance (1) Oil content:3.27and MIBK as solvent
0.5











A sepQrt-te determination of the iron content in Oil A by the
method of standard addition using iso-butyric acid as solvent and aqueous
ferric ammonium sulphate solution as standard was performed. The determination
was done in. duplicate and the calibration curve obtained are shown in
Fig-7. The calibration curves were plotted by linear least square fit of
the values obtained and the results of the analysis are s:iown in Table 11
'ar l- 1 1
Results obtained for, the determination of iron (as wear metal) in oil A
by the method of standard addition using aqueous inorganic standard and












=9.18ppm8.96 Mean9.40Iron found (ppm)
(k) The experimental conditions for the determination of iron content in
both trials weem-e the same, except in Trial 2 a new hollow cathode lamp
was used since the old one broke down
w/v
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Fig- 7- Calibration curves for the determination of iron in
lubricating oil by the miethod of standard addition


















It can be seen from Table 10 and Table 11 that the results obtained
by the two methods showed good agreement. The correlation coefficient for
both calibration curves for the case of using iso-butyric acid as solvent
are about 0.996, this indicates that the calibration curves are truely
linear an the results calculated from their intercept are highly reliable
One point we. have to admit is that the slopes obtained for the MIBK systems
were greater than those obtained with iso-butyric acid system, and the
discrepancy can be attributed to the viscosity of the two solvents
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Determination of Copper as Wear Metal in a Used Lubricating Oil
The copper content in the same used lubricating oil (Oil A,
Shell oil no-30) was firstly determined by a routine method method, by
the, method of standard addition using xylene as solvent and copper caprate
as the organometallic standard. Two determinations with different amounts
of oil were performed and the two calibration curves obtained are shown
in Fig. 8. The calibration curves were plotted by linear least square fit
of the values obtained and the results of the anaysis are shown in Table 12
Table _12
Results obtained fir the determination of copper (as wear metal) in Oil A














Different oil content were used for the two trials above so as to
ensure that the calibration curves were linear down to zero concentration.
The fact that the two curves gave similar results indicated that this was
indeed the case.
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Fig. 8. Calibration curves for the determination of
copper in lubricating oil by the method of
standard addition using copper caprate as
Absor bance standard and xylene as solvent
(1) Oil content: 1 .51%
















A separate determination of the copper content in Oil A by the
method of standard addition using iso-butyric acid as solvent and aqueous
copper sulphate pentahydrate solution as standard. The determination were
done in duplicate and the calibration curves obtained are shoran in Fig. 9
The calibration curves were plotted by linear least square fit of the values
obtained and the results of the analysis are shown in Table 13
Table 13
Results obtained for the detbrmination of copper (as wear metal) in Oil A
by the method of standard addition using aqueous inorganic standard and
iso-butyric aid as solvent
Trial 2Trial 1













Copper found in oil (ppm) Mean =43,041.744.2
It can be seen from Table 12 and 13 that the results obtained by
the two methods ,ere .very close taking into account of the instrumental
errors. Once again the correlation coefficient for both calibration curves
obtained for the iso-butyric acid system are about 0.998, strengthing our
belief that the results obtained from the intercepts are very reliable. The
slopes of the calibration curves for xylene s1 stem are found to be greater
than those obtained for the iso-Lutyric acid sNrstem, and again this may
possibly be due to the viscosity difference of the solvent used
w/v
50
Pigs 9 Calibration curve: for the determination
of copper in lubricating oil by the method of
standard addition using aqueous inorganic
standard and iso-butyric acid as solvent
(1) Oil content: 3.46% w/v














In the analysis of synthetic unknown oil samples above, iron
caprate was used to prepare the aqueous standards because this provided
a homogeneous source of iron in both the aqueous standards and the synthetic
unknown oil samples. The hydronium ion concentration in the aqueous standard
in this case was set to 0.1 I in order to suppress the hydrolysis of the
ferric ions. For actual analysis, just as what we have done in the analysis
of iron and copper in Oil A, the aqueous standards can be prepared by
dissolving suitable inorganic salt standards in'distilled water and in
the case where the cation undergoes hydrolysis. the acidity of the
aqueous standard should be suitably adjusted to eliminate the effect
The correlation coefficients of the various calibration curves
obtained above for the iso-butyric acid system. were very nearly equal to 1.
This shows that iso-butyric acid, like most other organic solvent, gives
Beer's law type of plot for low metal concentrations, As a result of this,
analysis using iso-butyric acid can be done both by direct calibration
and by the method of standard addition
From our experience, iso-butyric acid is superior to other
organic acid such as n-butyric acid and propionic acid, since higher
absorbance values can be obtained in this acid compared with the other acids
Higher homologues in the series are not miscible with water. Moreover
iso-butyric acid gives relatively stable signal and this means that it is
a very promising solvent in oil analysis by flame atomic absorption spectrometry
using organic or inorganic standards.
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Table 14
Sumeary for the determination of zinc (as additive) and iron and copper
lubricating oils by our proposed method and those obtained by
routine methods
Metal Oil Sample(e) Method Proposed
Proposed Method
Deviation Relative












1020 1010 1015 970 965 968
47 4.6
Fe





44.2 41.7 43.0 1.5 3.3
(e) Oil sample A was Shell oil no .30, which has previously been used in the Mechanical
Workshop of the Chinese University of Hong Kong before being analysed•
Oil sample B was super motor oil, a superior multiviscosity oil produced by Mobil
Company, and it was found to contain no iron or copper
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In the study above, we have shown that for a fixed iron content
the variation in absorbance with rspect to increase in oil content is
small and this indicates that metal ions present at low letred.. in.-.- thv, oil
samples can be determined by increasing the amount of oil in the sample
solution. Oil content up to 20% w/v can be used in our proposed solvent
system, and samples containing higher oil concentration than 20% w/v
are found to be too viscous to be aspirated
A summary of our result is shown in Table 14. It can be seen
that maximum deviation of our results from those obtained by the routine
methods is less than 5%, and this compares favorably with the 10% error
for the determination of copper and lead in lubricating oils using prop ionic
acid as solvent reported by Kabanova etal (5). The errors were probably due
to the fluctuation in gas supply, signal noise of the lamp used and other
instrumental errors. As the deviations were randomly distributed, they
could not be due to constant method errors. An*instrument with digital
output in signal intensity and time integration device would probably
eliminate most of the errors encountered
Finally, judgin from the above results and discussion, it can
be seen that our proposed method using iso-butyric acid as solvent for
lubricating oil samples offers an extremely simple, rapid and reliable
direct method for the determination of metal contents in lubricating oils
using aqueous inorganic standards.
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IN BUTTER AND MARGARINE
BY MODIFIED MERCURIC THIOCYANATE METHOD
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INTRODUCTION
Quite a number of methods have been proposed for the determir, Lion
of trace amount of chloride ion in water. The most common spectrophotometric
methods usually involve the reaction of the chloride ion with mercuric
compounds to form soluble, slightly dissociated mercuric chloride and
either release an absorbing anion or an anion which can undergo another
reaction to form an absrbing species. Relatively insoluble mercuric
chloranilate reacts with mercuric ion to release the chloranilate ion which
absorbs both in the visible and ultra-violet regions (1.2). On the other
hand, soluble, slightly dissociated mercuric thiocyanate reacts to release
the thiocyanate ion which is then combined with ferric ion to form the red
ferric thiocyanate complex( 3,4,5) The exact nature of the thiocyanate
complex is not fully realised and several complexes may be presento The




where Ch stands for chloranilate
The last equation describes the formation of the simplest and
possibly the major complex from ferric ion and the thiocyt nate ion.
Mercuric iodate has also been proposed as an analytical
reagent. Reaction of mercuric iodate with chloride ion in aqueous solution..
would result in a quantitative yield of mercuric chloride, and the mercuric




The absorbance of in the ultra-violet region is proportional
to the concentration of. Cl originaily present in the solution (6)
Although there is a vast reserve of literature on the aqueous
determination of chloride ion at trace level, methods on spectrophotometric
determination of chloride ion in organic samples are scarce. Roland
P.Marquardt (4) proposed a spectrophotometric method for the direct
deternin-tion of trace amount of chloride in ethylene glycol and water
soluble alcohols, which is based on the method for trace chloride
determination by Iwasaki, Utsurni and Ozawa (3) The reaction involved
can also be represented by equations 2 and 3 above
The purpose of this work is to extend the method proposed by
Iwasaki et al. further so that trace amounts of chloride ion in water-
insoluble oil-base samples can be determined. Our investigations show
that by suitable modification of the mercuric thiocyanate method (3,4,5)
on chloride determination in aqueous system, it is possible to develop the
FeSCN2+ colour complex in a suitable solvent system containing an oil-base
sample and thus lead to a successful determination of chloride ion it contains.
As vegetable oil, contain very little chloride ion, we shall therefore
concentrate our attention to develop the method for the determination of
chloride ion in butter and margarine.
It is noted that the mercuric thiocyanate method is not specific for
chloride since ions which react in the same way with mercuric thiocyanate, notably
bromide and iodide, will interfere. Hrcever, the occurrence of these interfering
anions in butter and margarine is either rare or in insignificant amounts so that
we believe that what is being determined in oil-base samples using the mercuric
thiocyanate method is essentially chloride
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EXPERIMENTAL
1. Preparation of Reagents
All reagents employed were of analytical reagent grade
1.1 Solid mercuric thiocyanate
An approximateely M potassium thiocyanate solution was
added dropwise to a mercuric nitrate solution containing nitric acid (2111
in nitric acid). The white crystalline precipitate of Hg(SCN )2 formed
was filtered through a sintered-glass crucible, the precipitate was
washed twice with cold distilled water and twice with cold 95% ethanol.
After being dried in air for several hours, the solid mercuric thiocyanate
was dried in a desiccator.
1.2 Saturated solution of mercuric thiocyanate in ethanol
About 20 g of the above mercuric thiocyanate were placed in a 250-m1
volumetric flask. Absolute ethanol was added to the mark and the solution
was shaken thoroughly and was allowed to stand overnight. The solution was
then filtered through Whatman no.40 filter paper and the filtrate was used
for subsequent analysis
The mercury content of the filtrate was found to be 4.5+ 0.2 mg/ml
by atomic absorption spectrophotometric analysis.
1.3Saturated solution of ferric ammonium sulphate in absolute ethanol
About 50 g of ferric ammonium sulphate, which had previously
been dried over silica gel in a desiccator for three days were added to
a 1-litre volumetric flask. Absolute ethanol was added, to the mark and
the solution was shaken vigorously for about 30 minutes. The solution
was allowed to stand overnight with occassional shaking. The saturated
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solution was filtered through Whatman no-40 filter paper and the filtrate
was used for subsequent analysis
The saturated solution was found to contain 0.49+ 0.02 mg/ml
of iron by atomic absorption spectrophotometric analysis
1.4 Standard chloride solutions
A stock solution of 20 mg/ml of chloride was prepared by dissolving
3.2968 g of sodium chloride in distilled water and was diluted to 100 ml mark
in a volumetric flask. All other chloride standards were prepared from this
solution b appropriate dilution with absolute ethanol
2. Apparatus
All absorption spectra were recorded with a 323 Hitachi Recording
Spectrophotometer using matched stoppered 'I-cm glass cells
3. Recommended Procedure for the Determination of Chloride
3.1 Preparation of calibration curve
Aliquots (2.0 ml) of chloride solution containing 0-500)16/ml
of chloride were added to separate 50--ml volumetric flask. To each flask, a
fixed volume, in the range of. 10-20 ml, of ferric alum solution was added,
followed by 27 ml of n-butanol, and 1 ml of saturated mercuric thiocyanate
solution and the solution was made up to the mark -with absolute ethanol
Since these solutions were rather viscous, they were shaken thoroughly before
the absorbance at 475 nm were measured
3.2 Preparation of sample solution
About 0.5 g of butter or ma'garine was weighed accurately and
dissolved in 50 ml of. n-butanol., and 2.0 ml of this solution was added
to a 50-m1 volumetric flask. The solution was then made up to the mark in
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a similar fashion to that for the standard solutions prepared above, the
only difference being that only 25 ml of n-butanol was needed here and no
standard chloride solution need to be added.
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RESULTS AND DISCUDDIONS
1. Assessment of Optimum Experimental Conditions for the Spectrophotomeiric
Determination of Chloride in Butter and Oil-base System
1.1 Optimum wavelength for analysis
A chloride solution (ug/ml) was prepared to contain 20 ml of
saturated ferric solution and 1 ml saturated mercuric thiocyanate solution
in a total volume of 50 ml, and the absorption spectrum recorded is
shown in Fig. 1, The ferric thiocyanate:complex formed was orange-red in
colour, and there was one absorption maximum at 475 nm. The intensity
of this absorption peak was found to be dependent on the chloride concentration
of the solution.Furthermore, it is found that the wavelength of the
absorption maximum as well as its intensity are dependent on the amount
of ferric alum added. For practical purposes, a volume of 10 to 20 ml
of saturated ferric alum in absolute ethanol in a total of 50 ml solution
is desirable for colour development and the absorption maximum.then lies
between 470 nm and 485 nm
In addition to the absorption maximum at 475 nm, the solution
shows another one below 400 nm, which is due to the formation of a yellow
ferric sulphate complex ion (7,8)
1.2 Effect of ferric alum concentartion
Solutions containing a fixed concentration of chloride.(7.7 pg/ml
and 23,ag/ml respectively as tabulated below) but various amounts of
saturated ferric alum in absolute ethanol were examined. The results obtained
are tabulated in Tables 2 and 3. Graphs relating absorbance and reagent
concentrations were plotted and shorn in Fig.2. A graph relating the
wavelength of the absorption maximum and ferric alum concentration was
16
Fig.1(a )Absorption spectrum of the ferric-thiocyanate complex
Absorbance
in alcohol solution( Chloride: 5.0 ug/ml)
1.0
(b )Reagent Blank, same as in (a) with omission of chloride
(c )The reference cell contained alcohol solution. with ethanol
0.9













also constructed and is shorn in Fige3
Table 2
Relation between the amount of ferric alum on the absorbance of a fixed
amount of chloride at room temperature
in absolute ethanol addedVolume of saturated solution of
22 mlVolume of n-butanol used
Chloride concentration50 m1Total volume
Wavelength ofSaturated solution of

















Relation between the amount of ferric alum on the absorbance of a fixed
amount of chloride at room temperature
Volume of saturated solution of in absolute ethanol used
volume-of n-butanol used
Chloride concentrationTotal volume
Volume of saturated Wavelength of













Results in Tables2 and 3 show that when the amount of ferric alum
is increased, the absorbance value obtained also increased since .the
presence of larger excess of ferric ion is likely to help to improve
the sensitivity and stability of the colored complex. This is similar to
that observed in the determination of chloride in aqueous system by the






Fig.2 Spectra showing the relation between the amount of ferric alum on
the abg orbance of a figed amount of chloride
Chloride conternt 23ug/ml Volume of ferric alum used in 50 ml
1.05 ml 6.12.0ml





























Fig. 3. Relation between ferric alum concentration
Wavelength of
and the wavelength of absorption ma yimum
Absor1tion max.
(1) Chloride concentration: 7.7(nm)















wavelength for the absorption maximum was found to be dependent upon the
amount of ferric alum used and this observation has not been reported
previously for the aqueous system. Even with these variations, it was
found that 10 to 20 ml of saturated ferric alum solution in 50 ml of solution
would give satisfactory adherance to Beer' law. There was no serious
variation in the wavelength of maximum absorption with these ferric alum
concentration for chloride concentration below 20 ,ug/ml.
1.3 Effect of mercuric thiocyanate concentrations
The absorbance of€. fixed amount of chloride ion in the presence
of various amounts of saturated mercuric thi ocyana to in absolute ethanol.
were examined. The experiments were performed using four different chloride
ion concentrations and the results are shown in Tables 4, 5,6 and 7.
Table 4
Effect of mercuric thiocyanate concentraticnon the absorbance or a i ixeu
concentration of chloride
volume of saturated ferric alum solution in absolute ethanel added
Volume of n -butanol used
Chloride concentrationTotal volume
Saturated solution of
















Effect of mercuric thiocyanate concentration on the absorbance of a fixed
nnnentration of chloride
Volume of saturated solution of ferric alum in absolute etI anol usea
Volume of n butanol used
6.5Chloride concentrationTotal volume
Saturated solution of
Wavelength of max. absorbAbsorbancemercuric thiocyariate










Effect of mercuric tin ocyanate coricez
concentration of chloride
12.5Chloride concentrationConditions same as in Table 7 aoove
Saturated solution or
Wavelength of max o a bsorbAbsorbancemercuric thiocyanate










Effect of mercuric thiocyanate concentration on the absorbance of a
fixed concentration of chloride
20 ialVolume of saturated solution of mercuric th ocyanate in absolute ethanol
22 m1Volume of n-butanol used
Chloride concentration50 m1Total volume
Saturated solution of
Wavelength of max, absorb (nm)Absorbancemercuric thi.ocyanate









Results shown in the above tables indicate that for each chloride
concentration, therecorresponds a certain concentration of mercuric
thiocyanate at which maximum. absorbance occurs and as the chloride
concentration increases, the amount mercuric thiocyanate required is
progriassively 1a±ger but the amount of mercuric thiocyanate needed is not
stoichiometrically related to the chloride concentration. The above results
are depicted more clearly in Fig. 4. Unlike the cases of ferric alum, the
wavelength of maximum absorption was found to be only very slightly




Fig. 4 Effect of mercuric thiocyanate concentration on the















Uercuric thiocyanate in atsolute ethanol added (ml)
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apparent significant fluctuation in absorbance value with the change
in mercuric thiocTannte concentration, clcse ad.herance to Beer's law
was found when a fixed concentration of mercuric thiocyanate, from
0.8 to 1.5 ml in 50 ml of solution, was used, and with chloride
concentration below 20,ug/ml.
1.4 Rate of colour development and stability of the colour
The reaction rate was very fast and the colour development
may be considered completed within 1C minutes at room temperature, the
colour remaining stable for at least 5 hours
Table 8
The rate of reaction between chloride and the reagent at zo c
27 mlVolume of n-butanol
20 mlVolume ofsaturated solution of ferric alum in absolute: etnanoi
Chloride concentration50 mlTotal volume















1.5 Order of addition
The order of addition of reagents was found to be essentially
immaterial to colour development, but it is advisible to add mercuric
thiocyanate after the other reagents are added so as to prevent possible
precipitation of mercuric chloride when it is present at too high a
concentration in the solution. Traces of white precipitate had been observed
when the undiluted chloride concentration exceeded 250 ug/gal and the
mercuric thiocyanate solution was added prior to other reagents
1.6 Effect of ethanol and n-butanol concentration in the solution
Butter and margarine are more soluble in n-butanol than in ethanol
whilst the reagents necessary for colour development can be prepared more
easily in the form of their saturated ethanol solutions.,. Both ferric alum and
mercuric thiocyanate are only slightly soluble in n-butanol. Sodium chloride
used for the preparation of standards is much less soluble in n-butanol than
in ethanol. Hence it is necessary to seek a compromise between the
proportions, of the two solvents. used. It was found that mixtures
containing 20 to 30 ml of n-butanol in a total volume of 50 ml, with
the remaining volume of ethanol, would dissolve satisfactory the quantity
of margarine or butter for determination. The absorbance value and the
wavelength at which maximum absorption occurred were not much affected by the




Effect of solvent on the absorbance of the solution
50 m1Total volume
20m1Saturated solution of ferric alum in absolute ethanol
Chloride concentratior,





1. Effect of acids
hydrolysisNitric acid is commonly used to suppress the
in the determination of chloride (4,7,8) in aqueous :medium by
the mercuric thiocyanate method. Variation in nitric acid content would
affect the absorbance of the solution in the aqueous system (5, 7,8). Nitric
acid when present at too high a concentration would also affect the colour
intensity of the present system, as can be seen from the marked increase in
intensity of the solution when a few drops of concentrated nitric acid were
added to the sample solution.
Perchloric acid has also been used in the aqueous mercuric thiocyanate
method to suppress the ferric ion hydrolysis, but because of the high chloride
concentration of this acid, it has been regardec by some authors as
unsuitable for the use in chloride determination (5,8)
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When 6 suluhuric acidas added to the present system, the
solution would decolorize, as shown by the results in Table iu• Tis
in preference tomight be due to the formation of
was present at too high a concentrationwhen
Table 10
Effect of sulDhuric acid on the absorbance of the solution
20 mlvolume of saturated solution of ferric alum in absolute ethanol
1 r1volume of satured soluti-on.-of mercuric thiocvanate in absolute ethanol
24 m1Volume of n-butanol
Chloride concentration90 m1Total volume





eater content would affect colour development if present in
a quantity greater than 0.2-0.3%, probably due to the hydrolysis of
ferric iron. A series of solutions containing 5.0,ig/ml of chloride
and various amounts of water were prepared, their absorbance values
measured and the results obtained are shown in Table 11 below. The spectra






Fig.5 Effect of water content on absorption spectrum of
Absorbance




















Effect of water content on colour development
26 mlVolume of n-butanol
20 mlVolume of saturated solution of ferric alum in absolute ethanol
I mlVolume of saturated solution of mercuric thiocvanate in absolute ethanol
Chloride concentrationTotal volume






From Fig.5 it can be seen that the absorbance in the region
670-690 nm of the solution increased as the water content in the solution
was raised. This we attributed to the formation of hydrous ferric oxide,
the sprecipitate formed increased the absorption of the whole system. and hence
690 nm which should have no absorption also showed gradualthe region 670-69
increase in absorbance which was proportional to the amount of precipitate
formed
In view of the undesirable effects caused by the common strong
acids, we did not introduce any of them to suppress the possible hydrolysis
of the ferric ion, instead we kept the water content as low as possible
not exceeding 0.2% to avoid possible hydrolysis of the ferric ion.
Reasonably good results were obtained as can be seen more clearly in the
subsequent sections.
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l_ Effect of foreign ions
The criterion for an interference was an absorbance value varying
+ 5% from the expected value, with blank correction in absorbance being
applied... In order to determine the effect of foreign ions that might
possibly be present in the determination of chloride in butter and rgarine,
solutions were prepar:edt. to contain 20 ml of saturated ferric alum solution
in absolute ethanol, 1 ml of mercuric thiocyanate solution, 20 ml of
n-butanol, and 5 ml of 50)ug/ml chloride in 50 ml of solution. Foreign cations
were introduced in the form of metal sulphates and foreign anions as their.
sodium salts dissolved in absolute ethanol. The solutions were finally
made up to 50 ml with absolute ethanol. These solutions were analysed for
chloride following the recommended procedure
Because of the limited solubilities of inorganic salts in alcohols,
foreign ions were only introduced at 5 yg/ml and 25,,ug/ml levels to the
sample solutions to be analysed, i.e. 250 and 1250,ug of foreign ions were
respectively introduced into 50-m.1 of sample solution. The results obtained
are shown in Tables 12 and 13
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Tah1P 1
Effect of cations on the determination of 250)Zg of chloride in a total
volume of 50 ml, 20 ml of saturated ferric alum solution in absolute
ethanol and 1.0 ml of saturated mercuric thiocyanate solution in absolute



























Effect of foreign anions on the determination of 250,ug of chloride
in a total volume of 50 ml, 20 ml of saturated solution of ferric alum in
absolute ethanol and 1.0 ml of saturated mercuric thiocyanate solution in

































(a) The effect of each cation was determined at 250 and 1250,,ug levels .'When
the metal salt was insoluble at the 1250 ug level, the solution was filtered
and the absorbance of the filtrate was measured, and the amount added was
then denoted as 'sat'.
(b) Deviation in the amount of chloride found of less than 1% is regarded as
having exact recovery
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andResults in Tables 12 show .that most cations except
did not cause significant interference with the method when present
in quantities equal to that of chloride, ana the error causea Dy
in this case were only about 10 percent.and
It can be seen from Table 12 that bromide, iodide, sulphide,
bromate, thiocyanate and thiosulphate interfered most severely with this
method. Like chloride ion, these anions react with mercuric thiocyanate
to liberate SCN-, which gives a reddish -orange alour with ferric ion Me
These anions were also found to interfere seriously with the determination
of chloride ion in aqueous solutions by the mercuric thiocyanate method(1,7)
We added chlorine water to the aqueous extract of butter and margarine and
then extract with carbon tetrachloride and' found that the organic layer
was only very light ,r_,coloured. This finding indicates that bromide and
iodide are present in butter and margarine in quantities much less than
chloride and it is also unlikely that the other interfering anions are
present in any appreciable amounts in butter and margarine.
In summary, most cations and only half of the anions under
study do not interfere with the present method when -ley are present
in quantities comparable to that of chloride. Furthermore, Co 2+and most
of the interfering anions rarely occur in butter, margarine and most






2. Beer's Law, Effective Molar Absorptivity and Sensitivity
The conformity to Beer's law was tested at two concentrations of
ferric ions and a fixed concentration of mercuric thiocyanate. It is
necessary to fix the concentrations of both C-these reagents since they affect
the absorbance of the ferric thiocyanate complex as discussed previously
In the first set of solutions, a series of solutions containing varying
amounts of chloride, 20 ml of saturated ferric alum solution in absolute
ethanol and 10 ml of saturated mercuric thiocyanate in s.! total volume of
50 ml were prepared o The second set of solutions were prepared in a similar
manner, but instead of 20 ml of the ferric alum solution, only 10 ml
of it was used. Each of the above solutions contained 27 ml of n-butanol
The blazk-'contained the same proportions of n-butanol and absolute ethanol as
the sample solutions. The results are shown in Tables 14 and 15, from which
the Beer's law plots were constructed and shown in Fig. 6 and Fig. 7 respectively.
Table 14
Absorbance at 475 nm of a series of chloride solution with 20 ml of saturates:
solution of ferric alum in absolute ethanol and 1 ml of saturated solution of
mercuric thioayanate in absolute ethanol in a total volume of 50 ml












Fig-6, (a) The plot of absorbance at 475 nm versus
concentration of chloride with ,,92Q ml of
saturated ferric alum and 1As or1 ance at 475 nm
Ethanol (Beer's law plat,solutions in absolute
0.107(b) Absorbance

















Absorbance at 482 nm of a series of chloride solution with 10 ml of
saturated solution of ferric alter. in absolute ethanol and 1 ml of saturated
solution of mercuric thiocyanate in absolute ethanol in a total volume of
50 ml









For the first set of solutions above, linear least square fit
of the first 6 points gives the equation
whereL Cl is the concentration of chloride in )ag/ml. The correlation
coefficient of the above plot is 0.9993.
A sketch of the graph shows that Beer's law was obeyed over the
range 0-14 mug/ml of chloride. A reagent blank prepared by the omission
of chloride in the above system showed an absorbance value of 0.075 at 47-5 nm
For solution set 2, linear least square fit of the first five





(a) The plot of absorbance at 482 rim versus concentration
Absorbance
of chloride with 10 ml of saturated forric alum and 1 m
nmat 48






















The correlation coefficient is 0.9999. Beer's law was obeyed
over the range 0-13 p9-/ml. The reagent blank showed an. absorbance value of
0.039 at 482 nm. It can be seen that both the Sensitivity and the range of
linear calibration were higher when higher concentration of ferric ion was
used, however, the higher absorbance values obsbrved were due partly to the
higher reagent blank
The effective molar absorptivity for chloride was calculated from
the data in Tables 14 and 15 using the equation
respectivelyandto be
The effective Sandell sensitivity for the determination of chloride using
the-mercuric thiocyanate method was calculated to be 0.00,04 ya/ml and
0.0008 ug/ml respectively for the data in Tables 14 and 15.
A = Ecl
3.79 x 103 1-mol-1-cm-1 3.62 1-mol-1-cm-1
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3. Precision
The precision of the procedure was checked by measuring the
absorbance at 475 nm of ten samples containing 250,ug of chloride
20 ml of saturated ferric alum solution, 11 ml of saturated mercuric
thiocyanate solution in a total volume of 50 ml. The results are
shown in Table 15.
Table 15
nh+prrni nation o -chloride in synthetic samples














The standard deviation was found to be= 0.83 and the relative





4, Determination of Chloricie in rsuti tear arm mz1L'gN.b.we
About 0.5g of butter or margarine was weighed accurately and
was dissolved in 50 ml of n-butanol and shaken thoroughly. A 2.0-m1
aliquot of this solution was introduced into a 50 ml volumetric flask,
followed by 20 nil of ferric alum solution in absolute ethanol, 1.0 ml of
saturated mercuric thiocyanate solution in absolute ethanol and 25 ml
of n-butanol and the solution was made up to 50 ml with absolute ethanol.
The calibrate c: curve was prepared in a similar way with 2 ml of chloride
standard in ethanol being added instead of butter or margarine solution, and
27 ml of n-butanol used instead of 25 ml so that the solvent system
was the same for both the sample and the standard solutions. The amount
of chloride present in the samples were also determined by the method
recommended by the Association of Official Analytical Chemists (10),
using silver nitrate solution to titrate against the butter or margarine
sample dissolved in hot watr:r, and using potassium chromate as indicator.
The results obtained are shown in Table 17.
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Table 17
Determination of chloride in butter and margarine
ModifiedM rcuricTh ocyanate
AOAC Method























(a) This being four replicate determinations of the same sample
(a) This being the standard deviation of four replicate determination of the same sample
(b) Pure crea,ery butter, produced by C.D.I. (PTE) Ltd Singapore
(c) Pure creamery butter, Daisy Brand, manufactureed in Australia specially for Dairy Lane Ltd ,H.K.
(d) Blue Brand margarine, contains vitamins A and D, produced by VAN DEN BERGHS JURGENS LTD,England
( Wrapped by wax paper)
(e) Blue Band margarine, contain. only natural' ingredients and 100% vegetable oils, VAN DEN BERGHS
BURGESS
HILL WEST SUSSEX, RH15 9AW, England.( Contained in plastic box)
89
CONCLUSION
We have developed a simple and accurate spectrophotometric
method for the determination of inorganic chloride in butter and margarine
and the method is in essence a modification of the method for trace
chloride determination in aqueous system proposed by Iwasaki etal (3,7).
While there is a vast reserve of literature on the determination
of chloride in aqueous system, methods for the determination of salt or
chloride cantent in margarine and butter are relatively scarce (10).
Two methods are recommended by the Association of Official Analytical
Chemists (10). One requires prior ashing of the sample g followed by a
gravimetric or volumetric analysis. The other method requires titration
of an aqueous solution of the butter or margarine sample under c onsideratirn
by silver nitrate solution using potassium chromate as an indicators The
present method is superior to these two methods, since several grams of
the sample are needed for a single analysis for the latter, whereas as
small as 0.1 grans of sample is sufficient for several analyses using our
proposed methods More over, once a calibration curve is prepared in our
case, numerous samples can be analysed at the same time but for the
AOAC methods, each determination requires reiteration of the experimental
procedure. One further point is that like other instrumental methods., our
proposed method eliminates human factors such as the visual determination
of end point in a titration.
Besides the quantitative determination of chloride or salt contend
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in butter and margarine, this method can also be used as a rapid qualitative
test for the salt in butter and can also be used for the quantitative
determination of inorganic chloride in edible oils, alcohols and other
organic compounds that are soluble in the proposed solvent system.
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USING PPOPIONIC ACID AS A SOLVENT
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INTRODUCTIO
Iron is an essential element, forming part of haemoglobin,
myoglobin and many enzymes. Leguminous vegetables (1) and many other
foods are naturally rich in iron. As it is an essential mineral, iron is
often added to foods, and iron may also be present in foods as a result
of container corrosion. Analysis of foods for iron is necessary in order to
uphold their quality Vegetable oils invariably contain iron, and may be encountered
both as suspended inorganic matter or as of). soluble salts and complexes
The long established procedure for the determination of trace metals in
biological material is to prepare solution of the ashed sample first Methods
of ashing have been thoroughly discussed and illustrated by Snell etal (2),
Sandell (3) t, Glick (4) Gorsuch (5,6) and many other publications (7,8)
Once the sample has been prepared, the analysis for metal can be
done by a variety of methods including spectrophotometric methods, atomic
absorption spectrophotometry, flame photometry, thin layer chromatography
and X-ray fluorescence. Among the above methods, spectrophotometric ,Method
requires a minimum of equipment and is the least expensive technique.
For the analysis of trace metals in oils, Karchmer etal (9)
reported that the common techniques are time consuming and with considerable
losses occuring due to spattering, foaming and volatilization. Several
methods have been proposed to prevent these losses as suggested by Rowe etal ('{.0:)
Milner (11) and Agazzi etal (12), but they require either large samples or
special equipment.
Acid extraction techniques have been reported by a number of
workers (13,14,15)t but the procedures usually require over 20 g of oil for a
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single determination of the element under consideration. Finally, Labuza
and Karel (16) proposed a solvent extraction method using aqueous solution
of 1,10-phenanthroline solution to extract the iron from a petroleum, ether
solution of oil and they were able to determine as little as 0.1 p.p.m.
of iron in the oil
All the above colorimetric methods need either wet or dry ashing
of the sample or acid extraction of iron from the sample solution,
consequently all these procedures are time consuming and may result in losses
or .incomplete extraction of metal from the sample
Quite a number of analytical methods have been developed to analyse
trace metals in oil-base: samples without prior treatment of the samples,
e.g., neutron activation analysis, X-ray fluorescence analysis, emission
spectrographic methods, atomic absorption spectrometry and flame spectrometry'.'
(17,18). However, the first three techniques mentioned above require
expensive equipment and the conventional atomic absorption or emission
methods are in.general not sensitive enough to analyse trace metals in oil-
samples present at levels less than 1,ug/ml.
The object of this work is to develop a direct spectrophotometric
method which enables determination of iron directly in a solvent-oil mixture,
and thus eliminates the possible loss of metal during the various procedures.
Many photometric reagents can form complexes with iron (5),
thiocyanate (19), 2-2'bipyridyl (20), thioglycolic acid (21),
1,10-phenanthroline (22), 4,7 diphenyl 1,10-phenanthroline (25) and
4-(2-Pyridylazo) resorcinal (24) are the common ones. ae choose
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1,10-phenanthroline as the chelating agent for iron in our work chiefly
because the reagent is the most common reagent for iron, and it shows
reasonably high selectivity and the iron complex so f. ormed ha,s high molar
absorptivity. Although the last two reagents mentioned in the list appear
to offer the advantage of greater freedom from interference or higher
sensitivity than the others, they are more expensive and is not considered
to offer significant advantage in ordinary usage However,
the determination of iron in aqueous solution by the phenanthroline method
is suffered from interferences from a number-of cations and anions (5) and
critical adjustment of pH is necessary to avoid possible interference from
foreign ions
Propionic acid is chosen to be the solvent in our work as it is
a very good solvent for vegetable oils. The optimum experimental conditions
for the direct spectrophotometric determination of iron in propionic acid
with 1,10-phenanthroline, the sensitivity of the reagent in this medium and





Propionic acid octained commercially (BDHLab. reagent) was
distilled before use. The fraction that distilled over between 138-141 °C
was collected
1.2 1,10-Phenanthroline solutions
(a) In propionic acid
A 0.5% solution was prepared by dissolving exactly 0.5 g of the
reagent OWN Reagent for Organic Synthesis) in distilled propionic acid
and diluting to 100 ml in a volumetric flask. The reagent was prepared
fresh weekly.
(b) In distilled water
A 0.1% solution was prepared by dissolving exactly 0.1 g of
the reagent (HW Reagent for Organic Syntilesis) in distilled water and
diluting to 100 ml in a volumetric flask
1.3 Hydroquinone solution
(a) In propionic acid
A 2.0 `-A solution was prepared by dissolving exactly 2.Og of the
reagent (Flu.A.R) in distilled propionic acid and diluting to 100 ml in
a volumetric flask. The reagent was prepared fresh weekly
(b) In distilled water
A 2.5% solution solution was prepared by dissolving exactly
2.5 g of hydroquinone (Flu. A• R) and 1 ml of 6 1 hydrochloric acid in
distilled water and diluting to 100 ml in a volumetric flask
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1.4 Iron standards
(a) In propionic acid
Ferric caprate prepared and analysed according to Hearn etal (25)
was used as the standard. The iron content in the caprate was found to
be 9.82%.
A 100,ug/ml iron standard was prepared by dissolving 1.0183 g of
of ferric caprate in distilled propionic acid and diluting to one liter
in a volumetric flask. All other iron standards were prepred by appropriate
dilution of this stock solution with distill,6d propionic acid
(b) In distilled water
A 100 ug/ml solution was prepared by dissolving 0.1000 g of pure
iron wire in 10 ml of 10% sulphuric acid and 3 ml concentrated nitric acid
The volume was diluted to 1 liter with distilled water in a standard
volumetric flask. All other iron standards were prepared from this
standard by appropriate dilution with 0.5 M hydrochloric acid
1.5 Vegetable oil solution
All vegetable oil solutions were prepared by dissolving the required
amount :of oil in distilled propionic acid-.
2. Apparatus
2.1 All absorption spectra were recorded with a Sc5 Hitachi xecoraing
Spectrophotometer using matched stoppered 1-cm cells.
2.2 All atomic absorption measurements were carried out by a
Techtron A44 atomic absorption spectrophotometer. The burner was a 10-cm
stainless steel one with a single slit wleith of 0.020 inch (Model AB 41,
sup_ lied by Varian Techtron Pty Ltd), which is suitable for both air-
coal and air-acet3lene mixture:. Varian-Techtron hollow cathode lamp
98
was used in this work.
The air flow rates and acetylene flow rates were measured with
flowmeter model 605 from the Methe is on Gas Product Company.
3. Determination of Iron in Propionic !'acid by Atomic Absorption
Spectrophotometric Method
One liter of commercially available propionic acid was purified
by distillation. The fraction distilled over between 138-141 C was collected
When the undistilled fraction was about 25 ml, the process was stopped
and the undistilled fraction was diluted to 50 ml with distilled propionic
acid in a volumetric flask after its volume being measured
A series of iron standards in propionic acid were prepared by
diluting the 100,ug/ml standard with distilled propionic acid
The iron content of the commercially available propionic acid
was determined by atomic absorption method with the following experimental
conditions.
Lamp current: 10 mA
Slit width: 25 microns
Wavelength: 2483 A
(min 1.5 unit on meter,Acetylene flow-rate: 0.6 1
1 lb, /s.in on meter22 1 minAir flow-rate
4. Determination of Iron in Vegetable Oils by Standard Metnocts 1iv)
About 10 g of oil sample was weighed accurately in a 50-m1
platinum crucible. The crucible was then placed in a muffle furance and
was heated at 250°C for about 2 hours until the residue assumed the
the, appearance of a black charred mass. The temperature of the.-:duffle
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furance was then raised to about 5504C for 2 hours until the black charred
mass disappeared. Five ml of 4 M hydrochloric acid was added to the cooled
ash. The crucible was covered with a watch glass and the content was
gently heated to just boiling. The sample was then cooled and diluted to 25
ml in a standard flask
Aliquots (10 ml) of the sample prepared above was pipetted
to a 25=ml volumetric flask, and then 2 ml of aqueous hydroquinone solution
5 ml of 0.1% aqueous 1,10-phenanthroline solution and 5 ml of aqueous
sodium acetate solution (20% w/v) were added
The calibration curve was prepared in like manner and the iron
content of the oil sample was calculated
5. Recommended Procedure for the Direct Spectrophotometric Determination
of Iron in Vegetable OilF and Organic Liquids that were Soluble in.
Propionic Acid
About 5 g of oil sample was weigned accurately in a 50-m1
volumetric flask, and. 10 ml of 2% hydroquinone, and 5 ml of 0.1%
1,10-phenanthroline in propionic acid were then added. The solution was
diluted to the mark with distilled propionic acid
The calibration curve was prepared using the iron standards in
propionic acid, plus 10 ml of 2% hydroquinone in propionic acid, and
5 ml of 0.1% 1,10-phenanthroline in propionic acid in a total volume
of 50 ml propionic acid. The absorbance was measured after the solutions
were warmed at 50 °C for 30 minutes.
For accurate results, the standard addition method should be
used. However, if the iron content in the oil sample was high, or the
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amount of oil needed was less than 10 _%(vw/v), direct calibration in propionic
acid without adding the oil to compensate for possible matrix effects would
also lead to rather accurate results
For the determination of iron in other organic liquids, the
procedure was exactly the same except that the oil sample used above was
replaced by the organic liquid under consideration. If the iron content
was lof, preconcentration of iron content by distillation was required
101
RESULTS AND DISCUSSIONS
1. Assessment of Optimum Experimental Conditions for the Spectrophotometric
Determination of Iron with 1,10-Phenanthroline Using Propionic Acid as
a' Solvent
1.1 Optimum wavelength for analysis
A solution was prepared to contain 2.0,ug/ml of iron, 10 ml
of 2% hydroquinone solution and 5 ml of 0-5% 1 ,10-phenanthroline solution
in a total of 50 ml prapionic acid. The absorption spectriun of this
solution was recorded and is shown in Fig.1. The iron complex was found
to be orange-red and had two absorption maxima at 478 nm and 514 nm
respectively. Since the complex showed stronger absorption at 514 nm
this peak was taken to be the wavelength for the analysis of iron. Both
1,10-phenanthroline and hydroquinone are colourless and they will not absorb
light at the chosen wavelength
A spectrum for the analysis of iron using 1,10-phenanthroline
in the aqueous system is shown in Fig. 2. It can be seen that the two
spectra are indeed identical. The sbsorption peak at 510 nm in Fig. 2 is
normally taken to be the peak for analysis of iron in aqueous solutions
1.2 Effect of excess reagent
(a) Effect of excess hydroquinone
The absorbance of a fixed amount of iron in the presence of
various amounts of 2% hydroquinone in propionic acid were examined.:.
The experiments were performed using three different iron concentrations
and the results are shown in Table 1
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Fig. 1. Absorption spectrum of the Iron-1,10-phenanthroline complex
in propionic acid( iron: 2.0 ,ug/ml)Absorbance
The reagent blank was colourless and showed zero absorbance throughout
the visible region (340 nm- 700 nm)















Fig .2 Absorption spectrum of the iron-1 ,1O-phenanthrolirie complex
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104
Table 1
Effect of hydroquinone on the determination of iron using propionic acid
as a solvent
5 mlVolume of 0.5 1,10--phenanthroline in propionic acid used
50 m1Total volume
Absorbance at 514 nmVolume of 2% hydroquinone
with iron concentration of







(a) Shape of spectrum distorted
Table 1 shows that the amount of hyd.roquinone required was related
to the quantity of iron present in the solution. About 5 ml of 2%
hydroquinone was able to reduce 400,ug of iron quantitatively.with excess
reagent, the absorbance: was found to remain constant. Therefore, the
reagent does not interfere with the determination of iron in this solvent
system. In all subsequent analysis, we would. use 10 ml of 2% hydroquinone
in a total of 50 ml solution, and this concentration of hydroquinone is
sufficient to reduce up to 9001ug of iron quantitatively
(b) Effect of excess 1 10-phenanthro line
Solution containing a fixed concentration of iron (10,ug ml),
10 ml of 2% hydroquinone and various amounts of 0.1% 1 ,10-phenanthroline
ug/ml ug/ml ug/ml
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in a total volume of 50 ml of propionic acid were examined at 514 nm. The
results obtained are tabulated in Table 2 and a plot of absorbance versus
reagent concentration was constructed and is shown in Fig. 3.
Table 2
Effect of 1 ,10-phenanthroline concentration on the determination of izo n
using propionic acid as solvent
Voe of 2 It hdroquinone in propionic acid used 10 ml
50 m1Total volume
Absorbance at
Volume of 0.1% 1 ,10-phenanthroline
514 nm




























0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6
Volume of 0.1% 1,10-tnensnthroline in 50 ml solution
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From Table 2 we can see that 0.8 ml of 0.1% of the reagent is
sufficient to complex up to 500,ug of iron in propionic acid. With excess
reagent, the absorbance was found to remain constant. Therefore
1910-phenanthroline has no interference on the spectrophotometric determination
of iron even when it is 30 fold in excess of the required amount.
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1.3 Rate of colour development, effect of temperature and stability of
the colour
When the reagents were added to an iron solution, the orange-
red colour developed within 1-2 minutes at room temperature, but the
reaction required a much a longer time to complete. Dios?ever, raising
the reaction temperature would reduce the time needed for complete colour
development-., as can be seen from data in Table 3.
In this study, the solutions were warmed at different temperatures
for a certain period of time ,:.and the absorbance was then taken after cooling
the solution to room temperature. The colour remained stable for at least
three days
Table 3
Effect of temperature on the rate of reaction between 100 ,,ug of iron and
5 ml of 0.5% 1 ,10-phenanihroline with 10 ml of 2% hydroquinone in a. total
of 50 ml propionic acid
Absorbance at 514 nm
Time (min)






0.382 0 .382 0.382 0.36290
0 .383120 0.383 0.382 0.383
0.383 0.8overnight 0:384 0,383
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1 .4 Effect of oil content
The primary aim of this work is to develop a method for the direct,
determination of iron in vegetable oils and other organic liquids which are
soluble in propionic acid. It is therefore necessary to test for the effect of
oil content on colour development. Solutions containing a fixed concentration
of iron( 6.O,ug/rnl) but various amounts of iron-free peanut oil were warmed
at 506C for 30 minutes before the absorbance values were taken. The: results
are tabulated in Table 4.
Table 4
Effect of peanut oil content on the determination of iron using propionic acid
as a solvent
Iron concentration
Volume of 0.5% 1,10-phenanthroline in propionic acid used 5 m1
Total volume =50 ml10 mVn1mA of hvronuinone inroDionic acid used







Table 4 shows that the absorbance was only slightly affected by the
amount of oil present. At an oil content of up to 25%, the deviation was found




very satisfactory. S mall quantities of iron in vegetable . oils can therefore be
determinedby using larger amounts of oil , and by using the method of standard
addition the effect of oil can be minimized if not completely elimintedo
1 . 5 O rder of addition
I t is immaterialwhether to add the complexingagent 1 , 1 0 - phenanthrolir
or the reducing agent hydroquinonefirst , especially when the reaction mixture
was heated to 5 0 ' C for 0 minutes . T heoretically, we should add hydroquinone
first as it is the ferrous L on that forms the required complex with
1 , 1 0 - ph . enantliroline.
1 . 6 E ffect of foreignions
T he criterion for an interferencewasan absorbancevarying 5 %
from the expectedvalue . I n order to determinethe effect of t } foreign
cations that might possibly be encountered in the direct determinationof
iron using propionic acid as a solvent , solutions were prepared to con ain
1 0 ml of 1 0 ) lg / ml iron ( as ferriccaprate) 9 T . 1 0 ml of 2 % hydroquinone,
5 ml of 0 . 5 % 1 , 1 0 - phenanthrolineand variousconcentrationsof each ion
to be tested in a total volumeof 5 0 ml propionica id . W e did not
incorporateoil in our teat solutions for this study for the sake of
convenienceand the omission of oil is justified - by the fact that the
oil present does not have a serious influenceon the . - colour development,
as results in the previous section showed .
A large nl 2 mber of cationsincludingcopper( II ) , nickel ( II ) ,
zinc ( II ) , calcium( II ) , magnesium( II ) , chromium( III ) q cobalt( II ) ,
barium( II ) l lead ( II ) , mercury( U ) and silver ( 1 ) were examined.
mercury( II ) and silver ( I ) were added in the form of their acetate
solutions in propionic acid , all other metal ions were added as their
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metal caprate solutions in propionic acid.
The foreign anions that were studied included chloride, bromide,
iodide, nitrite, nitrate, sulphite, sulphate, thiosulphate, phosphate,
hydrogen phosphate, dihydrooen phosphate and cyanide ions. The solutions
for the study of anion interference were prepared in a similar way to
those for the study of interference from cations as described above the
only difference was that 0.5 ml of the aqueous solution of the sodium
salts of the anions were added to the propionic acid solvent system in
the place of the metal caprate solutions in propionic acid. Results of
the interference studies are shown in Tables .5 and 6.
112
Table
Effect of foreign cations on the determination of 100 ug of iron, with 10ml of 2%



























Effect of foreign anions on the determination of 100.0 ug of iron with 10 ml of
2 hydroquinone, 5 ml of 0.5% 1 ,10-phenanthroline in a total of 50 ml propionic acid
errorIron foundAmount addedAnion
+1.3101.3500Cl

































(a) The shape: of the spectrum was changed, and when the amount of nickel (II)
added exceeded 2500 ug, the absorbance was almost zero.
(b) Precipitate appeared when the mercury (II) added was more than 10000 ug
(c) Precipitate appeared at higher silver (I) concentration.
(d) The shape of the spectrum was changed, and.there was strong absorption
in the visible region before 460 nm.
(e) The shape of the spectrum was changed, and there :,as strong absorption in
the visible region before 490 nm.
(f) The shape of the spectrum was changed, and absorption increased for the
whole visible region.
It is,-.eviderit from Table 5 that there was no interference from
1000,ug of almost all the cations examined on the determination of 100 dug
of iron in 50 ml propionic acid. Only cobalt (II), nickel (II), chromium (II'),
zinc (II) and silver were found to cause interference -.when present at 2500,19-
Hence most common cations can be tolerated in a twelvefold excess of the
iron to be determined. The tolerance limits were apparently greater
than that in the aqueous system where iron when present at a concentration
of 2 yam/ ml, the maximum possible concentration of foreign cations are 1 pg/ml
of mercury (II), 10,ug/ ml of zinc (II ),10 pg/ml of copper (II), 2 pg/ml
nickel (II) and 10 ug/m l of cobalt (II). (5)
Table 6 shows that there was no interference from 2500 dug of most
of the anions examined on the determination of 100 Jug of iron in 50 ml.
Only iodide and thiosulphate were found to cause interference and in both
cases the spectra were changed, indicating that species other than the
desired complex might also be formed in these cases. It is worthy to note
that phosphate and cyanide ions which stabilise iron (III) do not cause
serious interference even when 5000,ug of these ions were present. Hence
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the problem of interference by anion is not serious for this determination.
The trend of interference by foreign ions is rnorei,ior less analogous
to the aqueous determination of iron by 1,10-phenanthroline, but the degree
of interference appears to be less severe in this case. Furthermore
critical adjustment of pH value to avoid possible foreign Lon interference
as in the aqueous case is not needed when using propionic acid as a solvent..
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2. Beer's law. Molar absorptivity and Sensitivity
A series of solutions were prepared to contain varying amounts of
iron, 10 ml of 2% hydroquinone, 5 ml of 0.5% 1,10-phenanthroline in a total
50 ml of propionic acid, and their absorbance were measured at 514 nm to
test whether Beer's law was obeyed.
Another series of solutions were similarly prepared but in addition,
5 gm, of iron-free peanut oil were added to each of the solutions so as to
test the effect of oil on colour development.
The results obtained are tabulated in Tables 7 and 8 respectively
for the above'ztwo sets of measurements, from cvhich Beer's law plots were con--
strlucted and shown in Figs 4 and 5 respectively.
From Fig-4 it can be seen that Beer's law was obeyed over the
range 0-12,ug/ml in pure propionic acid system. The molar absorptivity for
the iron complex in this case was calculated from data in Table 7 using the
eauation
(5)The sensitivity of a colour reaction, accoraing do Darluui.L
when expressed in terms of an element, where S- is the molar
absorptivity of the coloured product, and hi is the atomic weight of the
element and n is the number of atoms of the element in a molecule of the
compound 6
Therefore, the Sandall sensitivity fcr the reaction between iron
and 1,10phenanthroline was found to be 0.0052 11g/ml in propionic acid.
From Fig. 5. when 10% w/v of peanut oil was in the solution,




Absorbance at 514 nm of a series of iron solution containing enough
reagent for complex formation in propionic acid












Linear least square fit of the above points gives
0.1932Absorbance





Absorbance at 514 nm of a series of iron solution containing 10% w/v of peanut
oil and enough reagent for complex formation in propionic acid














Linear least square fit of the first 10 points of the above
calibration curve gives
0.1831Absorbance
Correlation coefficient for this least square
fitting- is 0.9997
Exactly the same curve was oeitainea no rattier wneiner tine iron
caprate was first dissolved in oil or in propionic acid before colour
development.
(ug/ml)
[Fe]+ 4.86 x 10-3
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Fig.4 The plot of absorbance at 514 nm versus
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F ig . 5 . T he plot of absorbancet 5 1 4 nm versusconcentration
A bsorbance
of iron in propionicacid with 1 0 % w / v of peanutoil
at 0 4 nm
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C oncentrationf iron
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Beer's law was obeyed over the range 0-10,ug/ml, the curve shoes negative
deviation from Beer's law beyond this concentration range. The molar
srutivityt 514 nm for the linear range is 1.02 x 1041-mol-1-cm-1
and the Sandell sensitivity was found to be 0.0055ug/ml.
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3. Nature of the Iron Complex in a ropionic Acid
The iron: ligand ration in propionic acid was measured by the
continuous variation method (26,27), using three different wavelengths.
The results obtained are collected in Table 9 and the plots of absorbance
against the mole fraction of the ligand are shown in Fi. 6
Tble 9
Data for the determination of iron to liand ratio. iron lizand
hydroquinone concentration in each solution was
1 ole fraction of lijand Absorbance at 480nm Absorbance at 514nm Ahsorr,anoe at 5-50
0.10 0.133 0.134. 0.110
0.20 0.270 0.286 0.230
0.30 0.421 0.454 0.370
0.40 0.566 0.617 0.500
0.50 0.730 0.791 0.640
0.60 0.870 0.948 0.770
0.70 1.010 1.104 0.900
0.80 0.880 0.905 0.800
0.85 0.675 0.740 0.610
0.90 0.454 0.500 0.420
From Fig. 10, maximum absorbance was fouled to occur at the molt
fraction of ligand equal to 0.75, which is independent of wavelength urea for
the measurement. Therefore, the mole ratio plot shozed the foie. ation of? 1:

















From the above study, it is evident that the strur-cure of
iron-1 ,10-1 henanthroline complex in propionic acid has the same structure.
as in the aqueous case (5,28,29,30). The structure is shown in the following





The precision of the procedure was checked by measuring the
absorbance at 514 nm of 10 samples containing 100 dug of iron, 5 ml of
0.5% 1,10-phenanthroline and 10 ml of 2% hydroquinone in a total volume
of 50 ml propionic acid. The results obtained are collected in Table 10
Table 10
Determination of iron in synthetic samples













The relative stanadrd deviation at 2.0,ug/ml of iron was found to
0.88 percentbe
126
5. Determination of Iron Content in Laboratory Grade Propionic by Direct
Spectrophotornetric Method
About 1 litre commercial available laboratory-grade propionic
acid was measured to the nearest 1 ml by a graduated measuring-,,cylinder.
The acid was distilled until the remaining fraction was about 25 ml. This
fraction was then diluted to 50 ml in a standard flask after its volume
was measured. Aliquots( 35 ml) of this diluted acid was pipetted into
a 50-m1 volumetric flask. Ten ml of 2% hydroquinone and 5 ml of 0.5%
1,10-phenanthroline in propionic acid were added. The solution was warmed
at 50'C for 30-minutes and the absorbance was measured at room temperature*
The iron content of the undistilled fraction was checked by atomic
absorption spectrophotometric method.
The results obtained,which are shown in Table 11, indicate that
the data produced by our proposed method show good agreement with those
obtained by routine atomic absorption method and with better precisiono
Table 11
Determination of iron content in, commercial laboratory-grade propionic acid
by direct spectrophotometric method and by atomic absorption spectrophotometric
method
Concentration of iron in propionic acidSample (a




(a) Samples were BDH Laboratory reagent. From our experience, the
iron content in commercial propionic lies between 0.1 to 0.2,ug/ml
same sample
(c) The deviations are the standard deviartion of five consecutive readings
taken from the same sample
Table 11 shows that the iron content in propionic acid can be
successfully determined by direct spectrophotometric method. It is evident.
fromithis that iron content in other organic compounds which are soluble
in propionic acid can be determined in a similar way. From our experience,
commercially available propionic acid contains 0.1 to 0.2,ug/ml of iron
and hence for all determination of iron by this method, the propionic acid
to be used should be purified by distillation
6. Determination of Iron in Vegetable Oils by Direct Spectrophotometric
Method
The iron content of vegetable oils were determined by the method
of standard addition as outlined in the experimental part. The percentage
of oil used was 10% (w/v), and 10 ml of 2% hydroquinone and 5 ml of
0.5% 1,10-phenanthroline were used in a total volume of 50 ml solution,
propionic acid was used as the solvent
The results obtained were checked by spectrophotometric
determination of iron in the ashed sample, also using 1 ,10-phenanthroline_
as the complexing agent and hydroquinone as the reducing agent (18)
The results obtained are shown in Table 12.
(b) The deviations are the standard deviation of three determination from the
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Table 12
Determination of iron in vegetable oils
Sample Direct 1 ,10--phenanthroline !etnod Aching method(a) (b) (c)
ppm (ppm)
1 0.22.7 2.6 0.3
2 2.0 0.2 0.31.8
(a) Sample 1 was super Chinese Peanut Oil
Sample 2 was super Chinese Corr. Oil, Lucky Brand
(b) The deviations are the standard deviation of three determination from
the same batch of oil
(c) The d.evaitions are the standard devaition of three independent determination
from the same batch of oil
The data shown in Table 11 and 12 again indiate that the results
obtained by direct spectrophotometric method using propionic acid as a solvent
for the determination of iron show good agreement with routine analytical
methods, whilst the direct spectrophotcmetric method shows better precision
Results in Table 12 reiterate the fact that iron in organic
compounds soluble in propionic acid can be satisfactory determined by the
proposed method. The precision foi- the results would be better if the iron
content in the samples were higher. In oil analysis, the samples should
be thoroughly stirred before determination: to ensure evenness in iron
distribution. The colour developed in tLe oil sample-s was found to be
stable for at least one week.
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CONCLUSI ON
The resultt obtained in this st4dy indicate that our proposed
spectrophotometric method for the direct determination of iron in oil-base
samples or organic samples that are soluble in propionic acid is a realiabie
and rapid technique. The precision and accuracy of the method were shown
to be good. The method does not require ashing of the sample prior to
analysis, and the error incurred by spattering, foaming and volatility
during dry ashing or contamination from acids during wet aching can thus
be eliminated. Unlike the usual acid extraction technique, the method needs
a relatively small sample, usually less than ten grams.
The chelating ability of a colour reagent depends very much on
the solvent system used and on the pH value when water is used as the solvent.
We have demonstrated that 1,10-phenanthroline shows a very high selectivity
towards iron (II) in propionic acid. Hydroquinone is a good reducing agent
for iron (III) in this solvent system since it reduces iron (III) quickly
and completely as evidenced from the full colour development within 30 minutes
at 50 C.
Our findings also show that 1,10-phenanthroline has similar property
both in the aqueous system and in propionic. acid but in the aqueous system,
strict pH control is needed for complex formation, while no PT.-s' control.
is necessary in propionic acid. Hence, the propionic acid system offers
another advantage over the aqueous system.-
As 1,10-phenanthroline is not expensive and is commercially
t
available,this._method does not require expensive equipment or laborious
procedure and can be taken up easily in any laboratory.
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USING PROPIONIC ACID AS A SOLVENT
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INTRODUCTION
Copper is essential to certain enzyme functions in the body,
chiefly in oxidativ. process. High doses of copper in food are toxic but
most foods contain less than 10 p.p.m. of copper which is within the safe
limit
Analysis of' copper in oil and dairy product is essential since copper
even at low concentrations, has a dramatic effect on oxidative stability
In general, ashing methods are used for sample preparation
for copper analysis in oil-base samples. Wet asking methods can prevent
possible mechanical losses of sample and is therefore more suitable for
sample preparation. Dry ashing may sometimes lead to low results 1, 2)
A number of non-asking techniques for copper analysis in oil-base
samples have been reported (3,4,5,6, 7), but prior treatment such as acid
extraction of metals from the sample is sometimes needed in using these
methods
Quite a number of acid extraction techniques have been proposed for
the determination of copper in oils (3,4,5,8,9). These techniques eliminate
the tedious ashinl, procedure and quantitatively recovery of copper have peen
reported in using these methods
In 1957, Zall etal (10) put fornard a direct spt_rit+,uphoto7-jetric
method to determine copper in oils in which the sample was aissolved in
chloroform and neocuproine, a colorimetric reagent, was added directly
to the mixture. The results obtained compared well with asked samples, out
the reagent :as not very sensitive at copper concentration belon 2 p.p.m.
In 1967. Labuza etal (11) put forward a similar mothod using so ium
diethyldithiotarbamts as the compleong agent for copter.they 1:5
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carbon tetrachloride ethanol solution to dissolve the oil sample and
developed the colour directly in the solvent system. The result was also
agreeable with the standard ashing methods
The above direct spectrophotometric methods illustrate a simple
and rapid way to determine trace quantity of copper in oil-base samples
However, chloroform is volatile and is not generally suitable for analytical
work, whilst the carbon tetrachloride ethanol mixture is not a very good
solvent for vegetable oils, and the solvent system is also volatile
The aim of this work is to find another solvent for the direct
spectrophotometric determination of copper in vegetable oils. We found that
propionic acid is a very good solvent for vegetable oils, it is not very
volatile and it is commercially available at a reasonable price. Hence,
propionic acid is a desirable solvent for our work
Among the common chelating agents for copper (12,13) we choose
sodium diethyldithiocarbamate as the photometric agent for our work, because
the reagent is highly selective-for copper and easily available at low
price compared with all the other reagents
In this work, the op-rimum experimental conditions for the direct
spectrophotometric determination of copper in propionic acid with sodium
diethyldithiocarbamate, the sensitivity of the reagent in this medium and




All reagents employed here were of analytical grade unless
otherwise specified.
(a) Prpionic acid
Propionic acid obtained commercially (BDHLab.reagent) was distilled
before use. The fraction that distilled over between 138-141C was collected.
(h) Sodium diethvldithiocarbamate solution
A 5% solution in propionic acid was prepared by dissolving 5.0 g
of the salt in distilled propionic acid and dilute to 100 ml in a volumetric
flask. This reagent was prepared fresh daily
(c) Standard copper (II) solution
Copper caprate prepared according to William E. Hearn etal (14)
was found to contain 15.63+ 0.03% of copper. A stock solution containing
100 fag/ml of copper (II) was prepared by dissolving 0.6398 g of copper caprate
in distilled propionic acid and diluting to 1 liter in a volumetric flask
All other copper (II) standards were prepared from this solution by
appropriate dilution with distilled propionic acid. The copper standards
were prepared fresh weekly.
(d) Vegetable oil solution
All vegetable oil solutions were prepared in w/v% by dissolving
the amount of oil required in distilled propionic acid
2. Apparatus
All absorption spectra were.recorded with a 323 Hitachi Recording
Spectrophotometer using stoppered 1-cm glass cells
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3. Recommended Procedure for the Direct Spectrophotometric Determination
of Copper in Vegetable Oils and Organic Liquids that were Soluble in
Propionic Acid
The quantity of oil that contained 25 to 50 Jug of. copper was
weighed accurately in a 50-m1 voluemtric flask, 15 ml of 5% sodium
diethyldithiocarbatnate solution in propionic acid wad added. The solution
was diluted to the mark with distilled propionic acid
The calibration curve was prepared in a similar way, but instead
of the oil sample, we added copper standards in propionic acid to the
solution.
Standard addition methods for determination was used if the oil
content was more than 3% in the sample solution
The absorbance of the solutions were measured after allowing
the sample solution to stand for 20 minutes at room temperature
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RESULTS AND DISCUSSIONS
1. Assessment of Optimum Experimental C onditi-ons for the Spectrophotometric
Determination of Copper with Sodium Diethyldithiocarbamate in Propionic Acid
1 .1 Optimum wavelength for analysis
A copper (II) solution (2 ,ug/ml) was prepared to contain
15 ml of 5 %sodium diethyldithiocarbamate in a total volume of 50 ml propionic
acid. The absorption spectrum was recorded as shown in Fig. 1. The copper
complex was yellow in colour and had only one single absorption at 432 nm
in the visible: region ..This wavelength was taken for the spectrophotometric
determination of copper. The reagent showed an absorbance of about 0.012 at
the final measured concentration at 432:,nm. The spectrum is shown in Fig. 1.
1.2 Effect of excess reagent
Thy: effect of complexing agent on absorbance was testea
at two concentrations of copper (II) in a total volume of 50 ml.
In the first set of solutions, the copper concentration was kept
at 4.0 ,ug/ml, and in the second set of solutions, the copper concentration
was kept at 8.0 Jug/ml. To each set of the above solutions, various amounts
of sodium diethyldithiocarbarnate solution were added and their absorbance
at 432 nm were measured. The results obtained are shown in Table 1 and a
plot of absorbance versus reagent concentration is shown in Fig. 2
Figure 2 shows that 15 ml of 5% sodium diethyldithiocarbamate
solution in propionic acid was sufficient to complex up to 400.,ug/ml of
copper (II), with excess reagent, the absorbance was found to remain
constant. Therefore, excess sodium diethyldithiocarbamate had no
interfpence on the spectrophotometric determination of copper in propionic
acid.
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Absorbance Fig.1 (a) Spectrum for copper-diethyldithiocarbamate complex
in propionic a :id (copper: 2. Jug/ml)0.9
(b )Reagent blank was preparedas in (a) above with omission of copper













Effect of reagent concentration on the determination of copper in propionic
acid
Total volume 50 ml
Volume of 596 sodium diethvld thio- Absorbance at 432 nm for copper
carbamate added to copper solution(ml) solution with concentration at








Fig. 2. Plot of absorbance at 432 nm versus volume of 5%
sodium diethyldithiocarbam.ate in propionic acidAbsorbance
(1) Copper concentration at H. U pg/mi2.0














Volume of 5% sodium diethyldithiocarbarnate acidea to copper soiuzion in
50 ml propionic acid
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1.3 Rate of colour development and stability of the colour
The rate of colour development was very high and the reaction
was found to be completed within ten minutes at room temperature. The
colour remained stable for at least two days. The results obtained are
shown in Table 2.
Table 2
The rate of reaction between 100 dug of copper and 15 ml of 5% sodium
diethyldithiocarbamate in a total of 50 ml propionic acid at room temperature
Time








1.4 Order of addition
The colour was developed by simply mixing the right amount of
complexing agent and propionic acid solution of copper, and the order of
addition was immaterial for this reaction
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1.5 Effect of foreign ions
The criterion for an interference was an absorbance varying
+ 5% from the expected value. In order to determine the effect of the
foreign cations that might be encountered in the direct determination of
copper using propionic acid as a solvent, solutions were prepared to
contain 10 ml of 10 jig/ml copper, 15 ml of 5% sodium diethyldithiocarbamate
and various concentration of each ion to be tested in a total volume of
50 ml of propionic acid. A large number of cations including iron (II)
and (III), nickel (II), zinc (II), calcium (II), magnesium (II)
chromium (III), cobalt (II), barium (II), lead (II), mercury (II) and
silver (I) were examined. Mercury (II) and silver (I) were added in -the form
of their acetate solutions in propionic acid, while all other metal ions
were added as their metal caprate solutions in propionic acid
The foreign anions that had been studied included chloride, bromide,
iodide, sulphite, nitrate, citrate, tartrate and EDTA. The solutions for
the study of anion interference were prepared in a similar way to those of the
cations, the only difference being that 0.5 ml aqueous solution of the
sodium salts of the anions were added to the propionic acid solvent system
in place of metal caprate solutions in propionic acid. Results of the
interference studies are given in Tables 3 and-4
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Table 3
Effect of foreign cations on the determination of 100Ug of copper, with
15 ml of 5% sodium d.Lethyldithiocarbamate in a total of 50 ml propionic acid
Metal Amount added Copper found % error
Pa+2 100 1.099.0
- 1.6500 cog 4
Cam+2 100 - 2.098.0
2 09.1500








Ni +2 -24100 97.6
- 2.697.4500
Zn+ 100 98.2 - 1.8
- 1.8500 98.2
Fe +2 100 102.2 +2.2
+3.7103.7500
Fe +3 1 00 100.9 + 0.9
103.7500 +3.7
Mn+2 100 99.0 - 1. 0
500 90.9 - 3.1
Hg+2 100 - 1.898.2
00 90.5 3.5




Effect of foreign anions on' the determination of 100,ug of copper, with 15 ml
of 5% sodium diethyl.dithiocarbamate in a total of 50 ml propionic acid

























It can be seen from Table 3 that there was no interference from
500,ug of most of the cations examined on the determination of 100 )ug of
copper 50 ml of propionic acid. Only silver (I) was found to cause
interference. However, it is found that silver (I) in quantity up to
200,ug can be tolerated
Table 4 shows that there was no interference from 500,ug of most
common anions examined on the determination of 100,ug of copper in 50 ml
Ethylenediamine tetraacetic acid (as sodium salt) and sodium tartrate
were found to cause interference when present in quantities greater than
5000g and 500ujespectively. Sodium citrate did not interfere even at
5 mg level and hence can be used as a masking agent for the determination
of copper with sodium diethyldithiocarbamate in propionic acid
The tolerance limit for foreign ions for copier determination
in propionic acid was-.found to be similar to that in the aqueous system (12),
but in the propionic acid system, the tedious procedure of pH adjustment
can be omitted.
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2. Beer's Law, Molar Absorptivity and Sensitivity
A series of solutions were prepared to contain varying amounts
of copper and 15 ml of 5% sodium diethyldithiocarbamate solution in a
total volwne of 50 ml of propionic acid. Their absorbance were measured at
432 nm to test whether the colour system conforms to Beer's law. The results
obtained are tabulated in Table 5, and from these data a plot of absorbance
versus concentration wab constructed as shown in Fig. 3. Beer's law -was
obeyed from 0 to 7ug/ml of copper for 1-cm cells. Above 7 )lg/ml, positive
deviation from Beer's law was observed
Using the absorbance data in Table 5, the molar absorptivity
at 432 nm of the copper-diethyldithiocarbamate complex,was calculated to
using the equation
This corresponds to a Sandell sensitivity (12) of 0.0044
Table 5
Absorbance at 432 nm of a series of copper (II) solution in propionic acid
containing enough reagent for complex formation










Fig. 3. The plot of absorbance at 432 nm versus concentration
























The precision of the procedure was checked by measuring the
absorbance of eight samples, each of which contained 100 ,fig of copper
15 ml of 5% sodium diethyldithiocarbamate in a total volume of 50 ml of
propionic acid. The results obtained are collected in Table 6.
Table 6
Determination of copper in synthetic samples











The relative standard deviation was found to be 0.83 Percent




4. Determination of Copper in Synthetic Oil Samples
About 0.02 g of copper caprate was weighed accurately and was
dissolved in oil by gently warming the oil over a hot plate at about
90 C.
The oil sample was then analysed for copper content following
the recommended procedure .using the method of standard addition. The
results obtained are shorn in Table 9.
Table 9
Determination of copper in synthetic oil samples
Oil content





(a) The values entered in the table were the copper content in the final
measured solution the oil used was Super peanut oil, China product
(b) The values are the average of two trails 0
From the above results, it can be seen that the recovery was
good for the synthetic oil samples. We hope to be able to analyse copper
in some real samples in the near future.
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CONCLUSION
Our results indicate that the proposed method on direct
spectrophotometric determination of copper in vegetable oils and other
biological lipids that are soluble in propionic acid can be a rapid and
reliable method
The method is rapid and simple in the-sense that colour
development is complete within ten minutes and the method needs very few
chemicals in the determination
The method is also rather selective since all other foreign ions
at a concentration five times that of copper do not interfere in the
determination, and the degree of selectivity is comparable to the aqueous
determination of copper by the same photometric reagent
The proposed method eliminates the tedious procedure imposed by
the usual ashing methods (1,6,18), and the acid extraction methods. It also
avoids the use of volatile solvents as proposed by previous workers (10, 11).
A large sample is not needed in oil analysis by this method, and the minimum
amount of sample depends on the metal content. It is necessary to have
a concentration of copper of at least 0.1 ,ig/ml in the final test solution
so that samples containing 0.5,ug/g of copper can be determined if we
use an oil content of '2O% w/v in the test solution. Samples with copper
concentration greater than 1,,ug/g can be determined easily by the proposed
method
A-major setback of the proposed method is that the photometric
reagent should be prepared fresh daily because the reagent was found to be
unstable in .propionic acid on standing for a few days. However, solutions
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of the reagent can be, prepared easily and this should not be a serious problei
for routine analysis.
At the monent, we are still working on the project, and we hope
to be able to complete the analysis of some real samples. in the near future 6
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CONCLUSION
After working on the project for two years, we found that
many current analytical procedures on.trace elemental analysis of oil-base
samples can be made simpler by choosing suitable solvents which enables
the oil samples to form homogeneous solutions with the reagents or the
inorganic standards .-Apart from trace elemental analysis, it is hoped that
research in this field can be extended-to the determination of other organic
compounds such as vitamin or to the use of other instrumental methods such as
polarographic or ctroflu tri6 methods -apart from spectrophotometry or
atomic absorption spectrophotometry.


